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PREFAGE, 


, The' first (2,000 copieaf 'of the hand- " 

book.of which this is the outcome was issued" ’in 
October, 1893, in the form of a notebook contain- 
ing 74 printed pages, with about the same number 
of blank pages Jor memoranda, under the title of 
Mechanics^ Pocket Memoranda. The little book 
proved so popular that a new edition ( 10,000 copies) 
enlarged to dlO pages w’as issued 8 months later. 
In June, 1897, the blank pages were discarded, the 
work was entirely recast and enlarged to 318 pages, 
and the edition (third) consisted of 25,000 copies. 
Before x->ririting the fifth edition (March, 1898), 
a large amount of matter relating especially to 
Plumbing, Heating, and Ventilation and the Biiild- 
ing Trades ivas taken out, replaced by tables of 
logarithms, trigonometric functions, etc., together 
with directions for using them, and other new. 
matter, the result being to confine the work more 
particularly to the different branches of engineer- 
ing and mechanics. 

It has been the aim of the publishers, from the 
first, present to the public a handbook of a size 
convenient to carry in the coat or hip pocket— a 
jocketbook in reality— which would contain rules, 
formulas, tables, etc. in most common use by 
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engineers, together with explanations concerning 
them and practical examples illustrating their use. 
We have not endeavored to produce a condensed 
cyclopedia of engineering or of any branch of its 
but we have striven to anticipate the daily wants 
of the user and to give him the information sought 
in the manner best suited to his needs. Our aim 
has been to meet the necessities not only of the 
engineer but of all in any manner interested in 
engineering, and in accomplish in§ thi^ we have 
selected that rule, formula, or process which was, 
in our opinion, best adapted to the circumstances 
of the case, describing it fully, giving full direc- 
tions how and w'hen to use it, and not mention- 
ing other methods (when such were available); 
in other words, we have made the selection instead 
of leaving the choice to the judgment the user, 
which is frequently at fault. The exceedingly 
large sale proves that the idea vras popular and has 
vindicated our judgment. We hope that succeed- 
ing editions will meet and merit the same approval 
that has been accorded those preceding. 

The present (seventh) edition contains the most 
convenient table of powers, roots, and reciprocals 
of numbers yet printed. This table was arranged 
and computed by us and v^ill be of great use to all 
having occasion to use it. • ' • 

International Correspondence Schools. 

December i, 1903. * • 
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USEFUL TABLES. 

WEIGHTS AND MEASURES. 


12 inches (in.) . 

3 feet 

5.5 yards 

40 rods 

S furlongs 

LINEAR MEASURE. 

ft. 

yd. 

fur. 


in. 

ft. yd. rd. fur. mi. 



36 

= 3= 1 



19S 

= ■ 16.5 =* , 5.5 = 1 



7,920 

= 660 = 220 = 40 = 1 



63,360 

= 5,280 = 1,760 =■ 320 = 8 =1 



SURVEYOR'S MEASURE. 



7.92 inches 


li. 


25 




4 rods ) 




100 links y 


/'111 


66 feet j 




S'O chains 





1 mi. 80 ch. == 320 rd. = 8,000 li. == 63,S60 in. 
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USEFUL TABLES. 



1 sqmre foot .....sq.; ft.' 

1 square yard sq. yd. 

1 square rod ............ ,sq. rd. " 

1 acre A. 

1 square mile sq. ml 

sq. ft. sq. in. 

= 27,878,400 = 4,014,489,600 


144 square inches (sq 

9 square feet 

SOI- square yards 

160 .square rods 

640 acres 

sq. nd. A. sq. rd. 
1 == 640 == 102,400 


SURVEYOR'S SQUARE MEASURE. 

r ■ ■ r 

625 square links (sq. li.) == 1 square rod sq. rd. 

16 square rods = 1 square chain sq. ch. 

10 square chains = 1 acre A. 

640 acres = 1 square mile sq. mi. 

36 square miles (6 mi. square) = 1 township Tp. 

1 sq. mi. = 640 A. == 6,400 sq. ch. = 102,400 sq. rd. 

= 64,000,000 sq. 11 

The acre contains 4,840 sq. yd., or 43,560 sq. ft., and is 
equal to the area of a square measuring 208.71 ft.^on a side. 


CUBIC MEASURE, 


1 cubic foot ... 
1 cubic yard... 

1 cord 

1 perch 

= 46,656 cu. in. 


1,728 cubic inches (cu. in.). 

27 cubic feet 

128 cubic feet 

24| cubic feet 

1 cu. yd. = 27 < 


MEASURE OF AN&LES OR ARCS c 

60 seconds (^') == 1 minute f 

60 minutes = 1 degree ® 

90 degrees = 1 rt, angle or quadrant D 

360 degrees — 1 circle cir. 

1 cir. *= 36iy> = 21, m 1.296.000" 


WEIGHTS AND MEASURES. 


AVOIRDUPOJS WEIGHT, 


. 4S7.5 grains (gr.) =* l ounce ....oz. 

,‘16, ounces = i pound .......lb, ' 

, 1CM3 pounds = 1 hundredweight ....... cwt. 

20 cwt.jOr 2,0001b —1 ton... T. 

IT. 20cwt. = 2,000 lb. = 32,000 oz.^= 14,000,000 gr. 

The avoirdupois pound contains 7,0(M3 grains. 


LOMG TON TABLE. 


16 ounces 

112 pounds..*........,.. 

20 cwt., or 2,240 lb. 


. = 1 pound lb. 

== 1 hundredweight cwt. 

. = 1 ton T. 


TROY WEIGHT. 


24 grains (gr.) = i pennyweight pwt. 

20 pennyweights = 1 ounce oz. 

12 ounces ~ i pound....... lb. 

lib, = 12oz. s= 240 pwt. = 6,760 gr. 


DRY MEASURE. 


2 pints (pt.) 



8 quarts 


Pk. 

4 pecks..... 

= 1 bushel ............ 

bu. 


1 bu. = 4pk. = 32 qt.= 64 pt. 


The U. S. struck bushel contains 2,150.42 cii. in. = 1.2444 
cu, ft. By law, its dimensions are those of a cylinder in. 
in diameter and 8 in. deep. « The heaped bushel is equal to 
li struc'S: bushels, the cone being G in. high. The dry gallon 
contains 268.8 cu. in., being of a struck bushel. 

For approximations, the bushel may be taken at cu. ft.; 
dr a cubic foot may be considered | of a bushel. 

The British bushel contains 2,218.19 cu. in. = 1.2837 cu. ft. 
— 1.032 XJ. S. bushels. 


1 



4 quarts 

31 .i- gallons 

2 barrels, or 63 gallons 


1 barrel .... 
1 hogshead 


The XT, S. gallon contains 231 cu. in. = .134 cu. ft., nearly; 
or 1 cu. ft. contains 7.481 gal. The following cylinders con- 
tain the given measures very closely: 


MISCELLANEOUS TABLE. 


Gill 

JHam. 
If in. 

Height. 

3 in. 

Gallon 

Diam. 

. 7 in. 

Height, 

Gin. 

Pint 

.... 3-iin. 

3 in. 

8 gallons 

14 in. 

12 in. 

I^uart ... 

..... Si-in. 

6 in. 

10 gallons 

14 in. 

15 in. 


12 articles = 1 ^ozen. 20 quires = 1 ream. 

12 dozen == 1 gross. * 1 league — 3 miles. 

12 gross = 1 great groas. 1 fathom = 6 met. 

2 articles = 1 pair. 1 hand == 4 inches. 

20 articles = 1 score. 1 palm = 3 inches.^ 

24 sheets = 1 quire. 1 span = 9 inches. 

1 sea mile (tJ. S.) 6,080ft. = li statute miles (roughly). 

1 meter =*= 3 feet 3f inches (nearly). 




THE METRIC SYSTEM. 
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THE METRIC SYSTEM- 

. Tlie metrl 3 system is based on tlie meter, wM.ch, according . 
to tlieU. S. Coast and Geodetic Survey Report ;of 1884, is equal 
to 39.B70432 inches. The value commonly used is 39,37 mcbes, 
and is authorized by the U. S. government. The meter 
defined as one ten-millionth the distance from the pole to the 
equator, measured on a meridian passing near Paris. 

There are three principal units—thc meter, the liter (pro- 
nounced lee-ter), and the gram, the units of length, capacity, 
and %veight. respectively. IMultiples of these units are obtained 
by prefixin,^ to tj^e names of the principal units the Greek 
words deea (10), hecto (100), and kilo (1,000); the submulti- 
ples, or divisions, are obtained by prefixing the Latin words 
deci (M, eenti (rk), and milli (r^). These prefixes form 
the key to the entire system. In the following tables, the 
abbreviations of the principal units of these submultiples begin 
■with a small letter, while those of the multiples begin with a 
capital letter; they should always be WTitten as here printed. 


MEASURES 

OF LENGTH. 


10 millimeters (mm.) 

= 1 centimeter 

...cm. 

10 centimeters 

= 1 decimeter 

....dm. 

10 decimeters 

= 1 meter 

m. 

10 meters 

— 1 decameter 

...Dm. 

10 decameters 

= 1 hectometer 

...Hm. 

10 hectometers 

= 1 kilometer 

...Km. 

MEASURES OF SURFACE (nOT LAND). 


100 square millimeters (mm*-. ) 

= 1 square centimeter .... 

...cm2. 

100 square centimeters 

= 1 square decimeter ... 

.,.dm2. 

100 square decimeters 

. = 1 square meter 



MEASURES 

OF VOLUME. 


1,000 cubic millimeters (mm^. ) 

= 1 cubic centimeter 

... cm3. 

1,000 cubic centimeters 

. =: 1 cubic decimeter 

....dra». 

1,000 cubic decimeters 

. = 1 cubic meter 

m®. 


f 


I 





TEMPERING OF STEEL 


Corrmpondmg 
Temperature R 

Pale yellow .430° 

Straw yellow 450° 

Darker straw yellow ’ 470° 

Yellow .490° 

Brown yellow. 500° 

Brown (slightly tinged 

purple) 520° 

Light purple 530° 

Clear black 570 ° 

Dark blue 600° 


Lancets 

Razors 

All kinds of wood-cutting 

tools 

Screw taps 

Chipping chisels, hatchets, 

and saws 

All kinds of percussive tools 

Springs 


10 milliliters (ml. 
10 centiliters 

10 deciliters 

10 liters 

10 decaliters 

10 hectoliters 


MEASURES OF CAPACITY. 

= 1 centiliter. 

........... = 1 deciliter..,..,. 

= 1 liter.............. 

== 1 decaliter .... 


: 1 hectoliters HI 

: 1 kiloliters Kl 


Note.— The liter is equal to the volume that is occupied 
by 1 cubic decimeter. 


MEASURES OF WEIGHT. 


10 milligrams (mg.) =1 centigram eg. 

10 centigrams = 1 decigram dg. 

10 decigrams = 1 gram g. 


10 grams . 

10 decagrams ... 
10 hectograms.... 
1,000 kilograms 


.. = 1 decagram Dg. 

,. = 1 hectogram Hg. 

. = 1 kilogram Kg. 

. = 1 ton T. 


Note.— T he gram is the w'eight of 1 cubic centimeter of 


pure distilled water at a temperature of 39.2° P.; the kilogrj 
IS the weight of 1 liter of water; the ton is the weight 
1 cubic meter of water. 


The following colors may be made use of in tempering 
steel-cutting tools: 


i 


the: metric system. 
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CONVERSION TABLES. 

By means of the tables on pages 8 and 9, metric measures 
I can be converted into English, and 'vice versa, by simple addi^ 

,1 tton. ■ All the figures of the values giyen are not required, 

four or five, digits being all that are commonly used; it is 
only in very exact calculations that all t?le digits 
. are necessary. Using table, proceed as follows; i»S28.8 
Change 6,471,8 feet into meters. Any number, as 121.92 , 
6,471.8, may be regarded as 6,000 + 400 4- 70 4-1 21.336 

+ ,S; also, 6,000 = 1,000 X 6; 400 = 100 X 4, etc. -6048 

Hence, looldiig in the left-hand column of the 
\ upper table? page*S, for figure 6 (the first figure of 

% the given number), we find opposite it in the third 

column, which is headed “Feet to Meters,” the number 
1.8287838. Now, using but five digits and increasing the fifth 
digit by 1 (since the next is greater than 5) , we get 1.8288. In 
other words, 6 feet = 1.8288 meters; hence, 6,000 feet — 1,000 
X 1.8288 « 1,828.8, simply moving the decimal point three 
places to the right. Likewise, 400 feet = 121.92 meters; 70 feet 
s=s 21.336 meters; 1 foot = .3048 meter, and .8 foot = .2438 meter. 
Adding as shown above, we get 1,972.6046 meters. 

Again, convert 19.635 kilos into pounds. The 22.046 
work should be perfectly clear from the explana- 19.8416 
tion given above. The result is 43,2875 pounds. 1.3228 

The only difficulty in applying these tables lies *^^61 

in locating the decimal point; it may always be -^1^0 

found thus: If the figure considered lies to the left ^ 2875 
of the decimal point, count each figure in order, 

1 *“ beginning with units (but calling uni t’s place zero ) , until the 

desired figure is reached, then move the decimal point to 
the right as many places as the figure being considered is to 
; the left of the unit figures* Thus, in the first case above, 
6 lies tSree places to the left of 1, which is in unit's place; 
hence, the decimal point is moved three places to the right. 
j By exchanging the words “ right ” and “ left,” the statement 
! , mil also apply to decimals. Thus, in the second case above, 

) the 5 lies three places to the right of unit’s place; hence, the 

> decimal point in the number taken from the table is moved 
three places to the kft. 


s 


USEFUL TABLES. 


CoNrSRSXON Table—English Measubes Into 'Metric. 


Englisli. 

Metric. 

Metric. 

Metric. 

Metric. 

Inches to 
Meters., 

Feet to 
Meters. 

Pounds to 
Kilos. 

Gallons to : 
Liters. 

1 

.0253998 

.3047973 

.4535925 

3.7853122 

2 

.0507996 

.6095946 

.9071850 

7.5706244 

3 

.0761993 

.9143919 

1.3607775 

ll.o55Uo06 

4 

.1015991 

1.2191892 

1.8145700 

^ 15.1412IS8 

5 

.1269989 

1.5239865 

2.2679625 

18.9265610 

6 

.1523987 

1.8287838 

2.7215550 

22.7118732 

7 

.1777984 

2.1335311 ■ 

3.1751475 

26.4971854 

8 

.2031982 

2.4383734 

3.6287400 

30.2824976 

9 

.2285980 

2.7431757 

4,0823325 

34.0678098 

10 

.2539978 

3.0479730 ; 

4.5359250 

37.8531220 


Conversion Table— English Measures Into Metric. 


English. 

Metric. 

Metric. 

Metric. 

Metric. 

Square 

Inches 

to 

Square 

dieters. 

Square 

Feet 

to 

Square 

Meters. 

Cubic 

Feet 

to 

Cubic 

Meters. 

Pounds per 
Square Inch 
to Kilo per 
Square 
Meter. 

1 

.000645150 

.092901394 

.028316094 

703.08241 

2', 

.001290300 

.185802788 i 

.0566:12188 

1,406.16482 

3 

.001985450 

.278704132 ■ 

.084948282 

2,109.24723 

4 

.002580600 

' .371605576 

' .113264376 

2,Sli«.32964 

5 

.003225750 

: .464506970 

.141580470 

3,515.41205 

6 

.003870900 

.557408364 

.109896564 

4,218.49446 

7 

.004516050 

' .650309758 

.198212658 

4,921.57687 

$ 

.005101200 

.743211152 

.226528752 

5.624.65928* 

9 

.005806:350 

.836112546 

.254844846 

6,:l27.74i69 

10 

.006451500 

.929013940 

.283160940 

7,030.82410 


THE METEIC SYSTEM. 

CoNVEEsioN Table— Meteic Measbess Imto Emolish. 


English. 

— 

English. 1 

i English. 

English, 

Meters to 
i Inches. 

Meters to 
Feet. 

Kilos to 
Pounds. 

Liters to 
Gallons. 

39.370432 
78.740864 
118.111296 
157.481728 
• 196.Si2l60 
236.222592 
275.593024 
314.963456 
354.333S8S 
393.704320 

3.2808693 

6.5617386 

9.8426079 

13.1234772 

16.4043465 

19.6852158 

22.9660851 

26.2469544 

29.5278287 

32.8086930 

2.2046223 

4.4092447 

6.6138670 

8.8184894 

11.0231117 

13.2277310 

15.4323564 

17.6369787 

19.8416011 

22.0462234 

.2641790 

.5283580 

,7925371 

1.0567161 

1.3208961 

1.5850741 

1,8492531 

2.1134322 

2.3776112 

2.6417902 


CONVBESION TaBLE-METEIC llEAStTEES INTO E 


English. 


English. English. English. English. 


Square Cubic Per 

Meters Meters 

to to Meter to 

Square Cubic Pounds per, 

Eeet. Feet. Square 


1,550.03092 
3,100.06184 
4,650:09276 
6,200.12368 
7,750.15460 
: 9,300.18552 
10,850.21644 
12,400.24736 
13,950.27828 I 
15,500.30920 


10.7641034 

21.5282068 

32.2923102 

43.U564186 

53.8205170 

64,5846204 

75.3487238 

86.1128272 

96.8769306 

107.6410340 


35.3156163 

70.6312326 

105.9468489 

141.2624652 

176.5780815 

211.8936978 

247.2093141 

282.5249304 

317.8405467 

353.1561630 


.001422310 

.002844620 

.004266930 

*005689240 

.007111650 

.008533860 

.009956170 

.011378480 

,012800790 

.014223100 
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USEFUL- T.ilBLES. 


SPECIFIC GRAVITY. ^ - 
Thr .specific gravity of a body is the ratio^ between its 
v;pight and tlie weight of a like volume of distilled water at 

1 teniff'ratiire of S9.2° F. For gases, air is taken as the nrat. 
i me eubic foot of water at 89.2° F. weighs 62.426 pounds. 


. • — 

Name of Substance.' . 

Specific 

Gravity. 

Weight 
per Cii. In. 
Pounds, 

M.ETALS. 

'2a660''« 

.819 


' 21.042 

.760 


20.387 

.735 


19.361 

.699 


■ 19.258 

.690 


17.486 

.632 


15.682 

.565 


13.619 

.492 


33.580 

.491 



.483 


11.330 

.409 


11.388 

.411 


10.511 

,880 

.378 


10.474 


9,746 

.352 

Toppt r, u nv and rolled 

Ooppcr, pure 

8.878 

8.788 

.321 

.317 

Bron/c *’’Uii inetal 

8.500 

.307 

fTtniTiinn 

8.500 

,307 

Steel,’ east steel - 

f*ri|mviinn snlY, «... 

7.919 

7.833 

.286 

.283 

Steel, hardened and tempered 

Iron jc’5 re 

7.818 

7.768 

.282 

.281 

Iron wrought and rolled 

7.780 

.281 

Iron’ hammered 

Iron cast 

7.789 

7.207 

.281 

.260 

Tin. from Bdlimen 

7.312 

.261 

Tin, En,giish ■ 

Zinc, rolled 

7.201 

7.101 

.263 

•.260 

Antimonv.... 

6.712 

.242 

A'luminiiiQ, 

2.G60 

.096 

Stones and Eaeths. 

Emery 

Iji'mestone - . ' - 

4.000 

2.700 

.145 

.098 

Asbestos, starry- 

3,073 

.111 


■Name ' of Substaiice. 




Glass, flint..... 

Glass, white.. 

Glass, bottle 

Gli-jss, green - 

Marble, Parian 

Marble, African 

Marble, Egyptian ......... 

Mica 

Chalk 

Coral, red 

Granite, Susquehanna... 

Granite, Quincy 

Granite, Patapsco 

Granite, Scotch 

Marble, white Italia.ii ... 

Marble, common 

Talc, block 

Quartz .! 

Slate 

Pearl, orientiil 

Shale 

Flint, white 

Flint, black 

Stone, common 

Stone, Bristol 

Stone, mill 

Stone, paving 

Gypsum, opaque 

Grindstone 

Salt, common 

Saltpeter 

Sulphur, native 

Common soil 

Rotten stone 

Clay 

Brick 

Niter 

Plaster ll,ris. 


Speeific 

Gravity. 


Ivory 

Sand 

Phosphorus . 
Borax 


Coal, anthracite .. 


Weight 
per Cu. In. 
Pounds. 


± 


3.500 

.1260 

24)00 

2.732 

.1050 

.0987 

2.642 

.0954 

2.838 

.1025 

2.708 

.0978 

2.668 

.0904 

2.800 

.1012 

2.784 

.1006 

2.700 

.0975 

2.70-4 

.0977 

2.652 

.0958 

2.640 

.0954 

2.625 

.0948 

2.708 

.0978 

2.6 B 6 

.0970 

2.900 

.0105 

2.660 

.0961 

2.800 

.1012 

2.650 

.0957 

2.600 

.0939 

2.594 

.0937 

2.582 

.0933 

2.520 

.0910 

2.510 

.0907 

2.484 

; .0897 

2.416 1 

1 .0873 

2.168 

.0783 

2.113 

.0774 

2.130 

.0769 

2.090 

.0755 

2.033 

.0734 

1.984 

.0717 

1.981 

.0716 

1.900 

.0686 

2.000 

.0723 

1.900 

.0686 

1.872 

.0676 

2.473 

.0893 

1.822 

.0659 

2.650 

.0957 

1.770 

.0639 

1.714 

.0619 

1.640 

.0592 

1.436 

.0519 






Specific 

■Gravity. 


Weight, 
per.Cii,. Ill, 
Founds. 


Xame'of Substance. 


liJbony, American 
Elder tree 


Mlbert tree 
Fir, male .. 
Fir, female 
Hazel 


.0400 

.0470 

.0459. 

.0488 

.0491 

.0542 

.0159 


.0289 

.0287 

.0305 

.0297 

.0308 

; 03^17 

.0480 

.0372 

.0215 

.0221 

.0203 

.0343 

.0090 

.0441 

.0351 

.0202 

.0217 

.0199 

.0180 

.0217 

.0254 

.0481 

.0218 

.0330 

.0202 

.0285 

.0324 

•. 03*43 

.0255 

.0239 

.0138 

.0191 

.0174 

.0181 

.0166 


Coal, Maryland 

Coal, Scotch... 

Coal, Newcastle ..... 
Coal, bituminous .. 

Earth, loose 

Lime, quick.... 

Cimreoal 


Woods (Bey). 

Alder 

Apple tree... 

Ash, the trunk 

Bay tree 

Beech 

Box, French .... 

Box, Dutch 

Box, Brazilian red 

Cedar, wild 

Cedar, Palestine .... 

Cedar, American 

Cherry tree 


1.355 

1.300 

1.270 

1.350 

1.360 

1.500 

.441 


.800 

.793 

.845 

.822 

.852 

.960 

1.328 

1.031 

.596 

.613 

.561 

.672 

.250 

1.220 

.695 

.560 

.600 

.550 

.498 

.600 

.703 

1.330 

.604 

.913 

.560 

.790 

.897 

.950 

.705 

.661 

.383 

.529 

.482 

.500 

.460 


Lemon tree 

Ligniim-vitse 

Linden tree 

Logwood 

Mahogany, Honduras 

Maple 

Mulberry 
Oak 


Orange tree 

Pear tree 

Poplar 

Poplar, white Spanish. 

Sassafras 

Spruce 

Spruce, old 




SPECIFIC -GEAVITY. 


Table— ( Continued). 


Name of Substance. 


Specific 

Gravity. 


Weigiit 
per Cu. In 
Pounds. 


Pine, soutiiern 

Hne, white 

Waimit 


Liquids. 

Acifl,' acetic 

.Acid, nitric 

Acid, sulp-huric - 

Acid, muriati® 

Acid, phosphoric 

Alcohol, commercial 

Alcohol, pure 

Beer, lager. 

Champagne 

Cider 

Ether, sulphuric 

Egg 

Honey 

Human blood 

Milk 

Oil, linseed 

Oil, olive 

on, turpentine 

Oil, whale 

Proof spirit 

Vinegar 

Water, distilled (62.425 lb. per cu. ft.) 

Water, sea 

Wine 


Miscellaneous. 

Beeswax 

Butter 

India rubber......... 

Fat 

Gunpowder, loose 

Gunpowaer, shaken 

Gum arable 

Lard 

Spermaceti 

Sugar 

Tallow, sheep 

Tallow, calf 

Tallow, ox 

Atmosnheric air 


USEFUL TABLES. 
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Table— ( Continued). 


Name of Substance. 

Specific 

Gravity., 

Weight, 

perCu...Ft.: 

Grains. 

Gases and Vapors. 

At 32° and a tension of 1 atmosphere. 

Atmospheric air 

Ammonia gas 

1.0000 ' 
.5894 1 

■ 565.,11 ' 
333,1 

Carbonic acid 

1.5201 

.9673 

859.0 

546;6 

Light carbureted hydrogen I 

Chlorine 

.5527 

•2.450;^ 

.9672 

.0692 

312.3 

1,384.6 

546.6 

39.1 

Olefiant gas 

Hvdrogeh 

Oxygen 

Sulp>hureted hydrogen 

1.1056 

1.1747 

624.8 

663.8 

Nitrogen ^ 

.9713 

648.9 

Vapor of alcohol 

1.5890 

S9S.0 

Vapor of turpentine spirits 

Vapor of water 

Smoke of bituminous coal 

Smoke of wood 

Steam at 212° F 

4.6978 
.6219 
.1020 
! .9000 

.4880 

2,654.8 

351.4 

57.6 

508.6 

275.8 



The weight of a cubic foot of any solid or liquid is found 
by multiplying its specific gravity by 62.425 lb. avoirdupois. 
The weight of a cubic foot of any gas at atmospheric pres- 
sure and at 32° F. is found by multiplying its specific gravity 
by .08073 lb. avoirdupois. 


WROUGHT-IRON CHAIN CABLES. 

The strength of a chain link is less than twice that of a 
straight bar of a sectional area equal to that of one side of the 
link. A weld exists at one end and a bend at the other, each 
requiring at least one heat, wfiieh produces a decrq§,se in the 
strength. The report of the committee of the U. S. Testing 
Board, on tests of wTought-iron and chain cables, contains 
the follovring conclusions: 

“That beyond doubt, when made of American bar iron, 
■with cast-iron studs, the studded link is inferior in strength 
to the unstudded one. 







pliillfe 


Ultimate Eesistance and Proof Tests op Chain Cables. 


Uiam. Average 
of Resist. = 
Bar. 1635» of Ba 

Inches. Pounds. 


Proof 

Test. 


Pounds. 


Small type, 


Medium typo 
Large type.... 


162,283 

174.475 
187,075 
200,074 

213.475 
227,271 
241,463 
256,040 


77,159 

82,956 

88,947 

95,128 

101,499 

108,058 

114,806 

121,737 


‘‘That, wheii proper eare is eicercised in the selection of 
.matefial, a variation of bfi> to 17^^ of the strongest naa-y be 
expected in the resistance of cables. Without thisi care the 
variation may rise to 25^1 ' 

“ with proper material and. construction the ultimate 
resistance, of the chain may be expected to ^^ary from 155^9 to 
X70^ of that of the bar used in maldiig the links, and show an 
average of about 163^1 

“ That the proof test of a chain cable should be about 50js5 
of the ultimate resistance of the weakest link.“ 

From a great number of tests of bars and unfinished 
cables, the co*imitt^ee considered that the average ultimate 
resistance and j>roof tests of chain cables made of the bars, 
■whose diameters are given, should be such as are showm in 
the accompanying table. 


Name. 

Sniallest type 




TTPE METALS. 


Proportions. 

3L,1A 

..4X, lA 

5Z,1A 

6X, lA 

7X,1A 


In the above table, L represents the lead, and A the anti- 
mony in the alloy. 


Average 
. Resist. = 
iG$pji of Bar. 


Proof Average 

rPpef. of Resist. = 
Bar. 163^flOfBar.| 
Pounds. Inches. Pounds. 1 


CHAIN CABLES. 
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TABLE OP ELCIWIEMTS. 



Symbol. 

Atomic 

Weight.'^' 

Aluminum 

At 


Antimony (stibiftn) 

Sb \t 


Arsenic 

As 

, 74.91 

Barium 

JBa 

136.9 

Beryllium 

Be 

9.08 

Bismuth 

Bi 

207.5 

Boron 

B 

10.9 

Bromine 

Br 

79.76 

Cadmium" 

mOd ^ 

111.7 

Csesium 

Os 

183.0 

Calcium 

Ca 

39.91 

Carbon 

0 

11.97 

Cerium 

Ce 

141.2 

ChSorine 

Cl 

35.37' 

Chromium 

Or 

52.45 

Cobalt ^ 

Co 

58.6 

Columbium 

Cb 

93.7 

Copper (cuprum) 

Didymium 

Cu 

D 

63.18 

147.0 

Erbium 

E 

169.0 

Fluorine..... 

F 

, 19.06 

Gallium 

G 

69.8 

Gerinaiiium 

Ge 

72.32 

Gold (auruni) 

Au 

196.2 

Hydrogen - 

S 

1.0 

Indium 

\ In 

113.4 

iodine — 

I 

126.54 

Iridium 

1 Jr 

196.7 

Iron (feiTum) 

1 ■ Fe 

55.83 

Lanthanum 

La „ 

139.0 

Lead (plumbum) 

P5 

206.39 

lathiuin 

Li 

7.01 

23.94 

199.8 

Masrnesium 

Mercury (hydrargj’Tum) 

% 

\ Mn 

M-iiiinne.se 

5-1.8 

MoKhuenum 

] Mo 

95.6 

Nickel 

Ni 

« 58.6 

"NiobiUTii 

Nb 

" 94.0 

14.01 

Hitrogen 

N 

Osmium 

Os 

19S.6 

Oxygen 

0 

15,96 


'♦'Principally from the 16th edition Des Ingenieurs Taschen- 
huch. The names of the non-metals are printed in heavy type. 


TABLE OP SPECIFIC HEATS. 
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Continued). ' 



1 SjunboL 

i Atojniii 
, Weight 

.PallacliiiTn 


Phosphorus 

iUo.Ji 

r> nn n/!- 

Platihiim. ■ 



Potassium (kaliiim) 


Rhodium 

PA 1 1A-< 1 

Rubidium 


EutheniUBi „ 

JKu 

fify. 

ait.z 

Scandium 

IO 0.5 

Selenium f: 


Silleon ■ 


Silver, (argentum) 

A/t 

ySO.UU 

.Sodium (natrium') 

ISta 


.Strontium , 

2b 

Te 

Tl 
. Th 

Sn 

Ti 

W 

V 

V 


Sulphur 


Tantalum ■ 


Tellurium 


ThaHium 

Juio.U 

Thorium 


Tin (stannum) 


Titanium 

XlY 

Tungsten (wolfram) 


Uranium 


'Vanadium 


Ytterbium 

Yb 

Y 


Yttrium 


Zinc 

Zirconium 

Zn 

Zr 

64.88 



TABLE OF SPECIFIC 

HEATS, 


Solids. 


Copper 

Gold • 

.0951 

£last iron 

Lead..... 


Wrought iron 

1138 

Platinum 

.0324 

Steel (soft) 

1165 

Silver 

.0570 

Steel (hard) ...: 

......... ,1175 Tin, .................. 


Zinc 

0956 

j Ic€^ 

5040 

Brass - 

093,9 i 

, Sulphur . 


Glass 

1937 ; 

Charcoal 




TEMPERATUBES AND LATENT HEATS OF FUSION 
AND OF VAPORIZATION. 


Substance. 


I S 

►3 


Gases. 


ater 

Mercury 

Siilplmr. 

Tin - 

Lead 

5iiiie 

Alcohol 

Oil of turpentine 

Linseed oil 

Aluminum 

‘Cox>per 

•Cast iron 

Wrought iron 

:Steel 

Platinum .... 

Iridium ...... 


32 ° 

- 37 . 8 ° 

228 . 3 ° 

446 ° 

626 ° 

680 ° 

Unknown 

14 ° 

1 , 400 ° 

2 , 100 ° 

2 , 192 ° 

2 , 912 ^ 

2 , 520 ° 

3 , 632 ° 

4 , 892 ° 


212 ° 

662 ° 

824 ° 


1 , 900 ° 

173° 

313 ° 

600 ° 


3 , 300 ° 

5 , 000 ° 


142.65 

5.09 

13.26 

25.65 

9.67 

50.63 


Water .... 
Alcohol . 
l^lereury . 
Benzine . 
Glycerine 


1.0000 
, .7000 
. .0333 
. .4500 
. .5550 


Lead (melted) 

Sulphur (melted) 

Tin (melted) 

Sulphuric acid ... 
Oil of turpentine 


.0402 

.2340 

.0637 

.3350 

.4260 


. .23751 
. .21751 
. .24380 
, 3.40900 


Superheated steam 4805 

Carbonic oxide i CO) 2479 

Carbonic acid ( VOo) 2170 

Olefiant fas 4040 


966.6 

157 


melt 


Air 

Oxygen ... 
Nitrogen .. 
Hydrogen 


CO EFFICIENTS OF EXPANSIOISr. 


" /“I 

19 I 

SoLUTioN.—Tlie specific heat of zinc is found from the 
table to he . 0956 , Hence, the number of heat units necessary 
to rais^% it to the melting point is 10 X (680 — 60) X .0956 
-- 592 . 72 . Latent heat of fosion 50,63 heat units. Hence, 
the total number of heat units required is 592.72 + 10 X 50 63 
= 1 , 099 . 02 . ■ ^ ^ 

■ HEAT. 


CO EFFICI.ENT OP EXPANSION" FOR A NUMBER OP SUBSTANCES. 


Name of Substance. 

Linear 

Expansion. 

Surfice 

Expansion. 

Cu})ic 

Expansion. 

.Cast iron 

Copper 

Brass 

.00000617 
.00000955 
.00001037 
,00000690 
' .00000686 
.00000599 
.00000702 
.00001634 

rinnni ii a 

.00001234 

.00001910 

.00001850 

.00002864 

.00003112 

.00002070 

.00002058 

.00001798 

.00002106 

.00004903 

.00003229 

.00010010 

.00057778 

Silver 


Bar iron i 

Steel (untempered) 

Steel (tempered) 

Zinc : 

Tin ' ■ 

.00001372 

.00001198 

.00001404 

.00003268 

/v\riA»"ionA 

Mercury ' 

•UUUUIxfc.lU 

.00003334 

.00019259 

•UUUUiiCiO 

Alcohol 

•UUUUuOlJO 

Gases 

.UUUoot>io 





.UU2Uo2o2 


Example.— A wrought-iron bar 22 ft. long is heated from 
70° to 300®. How much will it lengthen ? 

Solution.— 22 x (300 - 70) x .00000686 = .0347116 ft. ^ 

.41654 in. 


ALLOYS. 


Note. — A = Antimony, B 
Gold, I Iron, L = Lead, X = 
■Z = Zinc. 


= Bismuth, C = Copper, G 
Nickel, S = Silver, T — Tin, 


* Proportions. 

Brass, common yellow 2 C, IZ 

Brass, to be rolled 32 C-', 10 X, 1.5 T 

Brass castings, common ... 20 0, 1.25 X, 2.5 T 

Brass castings, hard 25 G, 2Z, 4.5 T 

Brass propellers 8 C, .5 Z, IT 

Gun metal S G, 1 T 



m 
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ALJjOYS^{Continued). 

Name. Proportions. 

Copper flanges 9 C, 1 Z, .26 T « 

Muntz’s metal 6 C, 4Z 

Statuary 91.4 U, 5.53 Z, 1.7 T, 1.37 L 

German silver 2 G, 7.9 A’, 6.3 Z, 6.5 J 

Britannia metal 50 A, 25 T, 25 J& 

Chinese silver 65.1 C, 19.3 Z, 13 N, 2.58 S, 12 1 

Chinese white copper 20.2 C, 12.7 Z, 1.3 T, 15.8 AT 

Medals 100 G, 8Z 

Pinchbeck 5G, IZ 

Babbitt’s metal 25 IT, 2 A, .5 G ^ 

Bell metal, large 3 G, 1 T * 

Bell metal, small 4 G, 1 T 

Chinese gongs 40.5 G, 9.2 T 

Telescope mirrors 33,3 G, 16.7 T 

White metal, ordinary 3.7 G, 3.7 Z, 14.2 T, 28.4 A 

White metal hard 35 G, 13 Z, 2.2 T 

Sheeting metal 56 G, 45 Z, 12 arsenic 

Metal, expands in cooling 75 X, 16.7 A, 8.3 B 

ALLOYS FOR SOLDERS. 

Name, Proportions. 

Newton’s fusible S B, b L, Z 

Ease’s fusible 2 B, 1 X, 1 T, 

A more fusible 5 B, 3 X, 2 T, 

Still more fusible 12 T,25L,bO B, 13 cadmium, 155® 


For tin solder, coarse, 

1 T, 3X, 

500® 

or tin solder, ordinary... 

2r, IX, 

360® 

ct or brass, soft spelter 

IG, IZ, 

550® 

B ard, for iron 

2G, IZ, 

700® 

For steel 

195, 3 G, IZ 


For fine brasswork 

15;8G,8Z 


Pewterer's soft solder 

2B,4X,3r 


Pewterer’s soft solder 

IB, IX, 2 T 


Gold solder 

24 G, 25, IG 


Silver solder, hard ......... 

45, IG 


Silver solder, soft 



Eorlead 

IGT, 3:lX 




I 



Melting 

Point 

212 ® 

201 ® 

199® 


^ 


WEIGHT OF. ROUND AND SQUARE ROLLED SRON. 
^ .C.»iameter, and 1 ft. in Length. ' 

cWi; or I eight. Lb. per ft. | g|,je qj, .| Weight. Lb. per ft. 
^i^isiin. ^ Hiam ■ 

i I Square. 


f.T 

.010 

l.< 

.041 

*i ,» 

.098 

<4 

.165 

78 

.378 

1 ' 

/'S? 

r6t>8 


1.048 


4.493 

P'S 

2.08,2 

1 

2.654 

IK 

3.859 

IK 

4.147 

IK 

5.019 

Vd 

5.972 


7.010 

iK 

17/| 

S.12S 

9.333 


... .....; . . .. ,, WEIGHT OF,S HEET LEAD. ' 

^ll^clpess. ; W’ght. I Thickness. W’gliT 
* ~.L___ ^ Jj^ehe.s. i Lb. I Inches. Ld. 



1 3-4 

2 1-32 
2 19-64 

2 9-16 
2 ^ 3-64 

3 S-S2 
3 23-64 
3 5-8 
3 57-64 


.0125 

.0140 

.0156 

.0180 

.0180 

.0210 

.0210 

.0227 

.0250 

.0250 

.0280 

.0280 

.0310 

.0310 

.0357 

.0357 

.0884 

.0410 

.0410 

.04.35 

.0160 

.0180 

.0500 

.0500 

.0526 

.0526 

.0555 


.020 

.731 

.837 

.940 

1.065 

1.160 

1.284 

1.389 

1.490 

1.615 

1.712 

1.962 

2.175 

2.425 

2.628 

2.878 

3.100 

3.317 

3.566 

3.798 

4.027 

4.2.55 

4.480 

4.730 

4.953 

5.203 

5.423 


2 iy52 

2 me 

2 17-32 
2 3-4 

2 31-32 

3 11-64 
3 25-64 

3 39-64 

4 3-64 
4 15-32 

4 29-32 
6 11-32 

5 25-32 

6 13-64 

6 41-64 

7 5-64 
7 1-2 

7 15-16 

8 3-8 

8 13-16 

9 15-64 

9 48-64 
10 7-64 

10 35-64 


1 13-16 


1 3-32 
1 3-16 
1 9-32 
1 3-8 
1 15-32 
1 9-16 
1 3-4 

1 15-16 

2 1-8 
2 5-16 
2 1-2 
2 11-16 


2 3-16 
2 3-8 
2 9-16 
2 3-4 

2 15-16 

3 1-8 
3 1-2 

3 7-8 

4 1-4 
4 5-8 


4 27-64 
4 61-64 
6 31-64 
6 1-64 

6 35-64 

7 5-64 

7 19-32 

8 1-8 

8 21-32 

9 3-16 
9 23-32 

10 1-4 

10 25-82 

11 5-16 

11 27-32 

12 3-8 
12 13-16 


The thread.'! have au angle of 60°, with flat tops and bottoms, and are of the 
following proportions: 

Notation of letters. All dimensions in inches. 

D as. outside diameter of .screw; j i = inside [diameter of hexagon, or 

d =: diameter of root of thread, or of side of square nut or bolt he*ui; 


1.414 i 


0 = 1.1551 


PROPORTIONS OF THE UNITED STATES STAN DARO 
SCREW THREADS, NUTS, AN D BOLT, HEADS. 

Db;^;r"of 1 Threads [ D^ 1 Width Inside Outside Biago- Height 
Screw. 1 per In. | of Cor e. | of Flat . Btam. Biam. of Beau. 

/^V 


noie in roe uui; 
jp = pitch of screw; 
t — number of threads per inch; 

/ = flat top and bottom; 
o = outside diameter of hexagon nut 
orbolthead; 


head; 

^ = height of rough or unfinished bolt 

head. (fP 

The height of finished nut or bolt 
head is made equal to the diameter i> 
of the screw. 


. Vie X> + 10 — 2.909 


CAST-IEON PIPE. 


23 


'WEIGHT OF CAST-IRON PIPE PER FOOT IN POUNDS. 

These weights are for plain pipe. For hautboy pipe add 
8 in, in' length for each joint. For copper add for lead, f ; 
for welded iron, add or multiply by 1.0667. 


Biam- 
„eter of 


TMcknes.s of Pipe in Inches. 


j5ore, ■ 

Inches. 

u 

% 


% 

% 

K 

1 

1% 

IK 

m. 

1 

3.07 

5.07 

7.38 








lU ■ 

3.69 

6.00 

8.61 









4.30 

6.92. 

9.84 









4.92* 

7.84<' 

11.10 








2 

5.53 

8.76 

12.30 

16.2 








6.15 

9.69 

13.50 

17.7 








6.76 

10.60 

14.80 

19.2 

24.0 






m 

7.87 

11.50 

16.00 

20.8 

25.9 






3 

7.98 

12.50 

17.20 

22.3 

27.7 

33.4 





3K 

9.21 

14.30 

19.70 

25.4 

31.4 

37.7 





4 

10.30 

16.10 

22.20 

28.5 

35.1 

42.0 





434 

11.70 

18.00 

24.60 

81.5 

38.8 

46.3 





5 

12.90 

19.80 

27.10 

84.6 

42.5 

50.6 





6^ 

14.20 

21.70 

29.50 

37.7 

46.1 

{>1.9 





6 

15.40 

23.50 

32.00 

40.8 

49.8 

59.2 

68,9 





16.60 

25.40 

34.50 

43.8 

53.5 

63.5 

73.8 

84.4 



7 1 

17.80 

27.20 

36.90 

46.9 

57.2 

67.8 

78.7 

89.4 




19.10 

29.10 

89.40 

50.0' 

60.9 

72.1 

83.7 

95.5 

108 


8 

20.30 

30.90 

41.80 

53.1 

64.6 

76.4 

88.6 

101.0 

114 

127 

m 

21.50 

32.80 

44.30 

56.1 

68.3 

80.7 

93.5 

107.0 

120 

1*34 

9 

22.80 

34,60 

46.80 

69.2 

72.0 

85.1 

98.4 

112.0 

126 

140 

934 

24.00 

36.40 

49.20 

62.3 

75.7 

89.3 

103.0 

118.0 

132 

147 

10 

25.10 

38.30 

51.70 

65.3 

79.4 

93.6 

108.0 

123.0 

138 

164 

11 

27.60 

42.00 

56.60 

71.5 

86.7 

102.0 

118.0 

134.0 

151 

168 

12' 

30.00 

45.70 

61.50 

77.7 

94.1 

111.0 

1-28.0 

145.0 

163 

181 

13 

32.50 

49.40 

66.40 

83.8 

102.0 

120.0 

138.0 

156.0 

175 

195 

14 

35.00 

53.10 

71.40 

89.4 

109.0 

128.0 

148.0 

168.0 

188 

208 

15 

37.40 

56.70 

76.30 

96.1 

116.0 

137.0 

158.0 

179.0 

200 

222 

16 

39.10 

60.40 

81.20 

102.0 

124.0 

145.0 

167.0 

190.0 

212 

235 

17 

42.30 

64.10 

86.10 

108.0 

131.0 

154.0 

177.0 

201.0 

225 

249 

18 

jM.80 

67,80 

91.00 

llo.C 

139.0 

163.0 

187.0 

212.0 

237 

262 

19 

17.30 

71.50 

96.00 

121.0 

146.0 

171.0 

197.0 

223.0 

249 

276 

.20 

49.70 

75.20 

' 101.00 

127.0 

153.0 

180.0 

207.0 

234.0 

261 

289 

22 

54.60 

82.60 

111.00 

139.0 

168.0 

196.0 

227.0 

256.0 

286 

316 

24 

59.60 

89.90 

' 121.00 

152.0 

183.0 

214.0 

1246.01278.0 

311 

343 

26 

64.50 

97.30 

1 131.00 

i 164.0 

198.0 

> 231.0 

266.0300.0 

335 

370 

28 

69.40 

105.00 

• 140.00 

1 176.0 

212.0 

1 249.0 

o 

a 

1 360 

397 

30 

74.2C 

112.00 

1 150,00 

• 188.0 

' 227.0 

1 266.0 

|305.0|345.0 

> 384 

424 
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•Borax 
. Resin 


Iron 

Tinned iron 

Copper and brass 


Sal ammoniac 


TABLE OF STANDARD DIMENSIONS OF WROUGHT- 

IRON WELDED PIPES. 


9.440 

7.075 

5.657 

4.502 

3.637 

2.903 

2.301 

2.010 

1.611 

1.328 

1.091 

0.955 

0.849 

0.765 

0.629 

0.577 

0.505 

0.444 

0.394 

0.355 


FLUXES FOR SOLDERING OR WELDING. 


Zinc Chlondfeoi zinc 

Lead Tallow or resin 

Lead and tin pipes 

Resin and sweet oil 


Steel.— Pulverize together 1 part of sal ammoniac and 10 
j>arts of borax and fu.se until clear. When solidified, pul- 
verize to powder. 


In. 

1.27 

1.70 

2.12 

2.65 

3.30 

4.13 

5.21 

5.97 

7.46 

9.03 

11.00 

12.57 

14.14 

15.71 

17.47 

20.81 

23.95 

27.10 

30.43 

33.77 


■a . 


Ft. 

14.15 

10.50 

7.67 

6.13 

4.64 

3.66 

2.77 

2.37 

1.85 

1.55 

1.24 

1.08 

.95 

.85 

.78 

.63 

,54 

.48 

.42 

.38 


In. 

.85 
1.14 
1.55 
1.96 
2.59 
3.29 
4.33 
5.06 
6.49 
7,75 
9.64 
, 11.15 
I 12.65 
14.15 
15.85 

19.05 

22.06 
25.08 
28.28 
31.47 


.057 
.104 
.192 
.305 
.533 
.863 
1.490 i 
2.0381 
3.355 
4.783 
7.388 
9.887 
12.730 
15.939 12. 
19.990 14. 


28.889 

38.737 

50.039 

63.633 

78.838 


.24 1 27 ■ 
.42 IS 
,56 IS 
,84! 14 
,13 14 
G7'1U4 

.26 ny^ 

69 ny 
, 67 ' iiy 
,77 S 

55 8 
05 8 
73, 8 
49 8 

56 S 
771 8 
41, 8 
35 8 
08 8 
lU 8 


In. , In. 
.40 ' .068 
..54 .088 
.67 .091 
.84' .109 
1.05 .113 
1.31 .134 

1.66. . 140 
1.90 .145 
2.37 .154 

2.87. . 204 

3.50 .217 

4.00 .226 

4.50 .237 

5.00 .247 
5.56 .259 
6.62. .2.80 
7.62 .301 
8.62, .322 
9.69 .344 

110.75 .366 


In. 

.27 

.36 

.49 

.62 

.82 

1.05 
1,38 
1.61! 

2.07 
2.47 

3.07 
3.55 

4.03 
4.51 

5.04 

6.06 
7.02 
7.98! 
9.00 

10.02 
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STEAM TABLES. „ 

Wtienevef the pressure of saturated steam is. changed, 
there are otiieT properties that change with it.. These, prop* L 

erties are the following: .■ 

1. The teinperataxe of the steam, or, what is the same 

thing, the boiling .point. ' ^ 

2. The nmnher of .B. T, IJ. required to faise a pound of '■ A;,:' 

water from 32^ (freezing) to the boiling point corresponding 

to the given pressure. This is called the /jo'h o/ Me /Ay zn’d. 

3. . The number of B. T. TJ. required to change the water 
at the boiling temperature into steam at the same tempera- 
ture. This is called the latent heat of mponzation, or, simply, 
the latent heaf. 

4. The number of heat units required to change a pound 
of water at 82° to steam of the required temperature and 
pressure. This is called the total heat of mporization, or, 
simply, the toMZ Aeat 

It is plain that the total heat is the sum of the heat of the 
liquid and the latent heat. That is, total heat = heat of 
liquid 4- latent heat. 

5. The specific volume of the steam at the given pressure; 
that is, the number of cubic feet occupied by a pound of 
steam of the given pressure. 

6. The demiiy of the steam; that is, the weight of 1 cubic 
foot of the steam at the given pressure. 

All the above properties are different for different pres- 
sures. For example, if steam boils under atmospheric pres- 
sure, the temperature is 212°; the heat of the liquid i.s 180.581 
B. T. U.; Ihe latent heat, 966.069 B. TAU.; the total heat, ' • 

1,146.6 E, T. U. A pound of steam at this pressure occupies 
26.37 cu. ft., and a cubic foot of the steam weighs about 
h3792S lb. When the pressure is 70 lb. per sq. in. above 
vacuum, the temperature is 308.774°; the heat of the liquid is 
272.657 B.^T. U.; the latent heat is 901.629 B. T. LA; the total - . 

heat is 1,174.286 B. T. U. A pound of the steam occupies 6,076 
cu. ft., and a cubic foot of the steam weighs .164584 lb. 

These properties have been determined by direct experi- 
ment for all ordinary steam pressures. They are given in 
the table of the properties of saturated steam, pages 29-31. 
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Explanation OP THE Table. 

Column 1 gives the pressures from 1 to 300 lb. These pres- 
sures are above vacuum. The steam gauges fitted on steam 
boilers register the pressure above the atmosphere. That is, 
if the steam is at atmospheric pressure, 14.7 lb. per sq. in., the 
gauge registers 0. Consequently, the atmospheric pressure 
must be added t(fthe reading of the gauge to obtain the pres- 
sure above vacuum. In using the table, care must be taken 
not'io use the gauge pressures without first adding 14.7 ib. 
per sq. in. 

Pressures registered above vacuum are called absolute 
pressures. The pressures given in column 1 are absolute. 
Absolute pressure per square inch = gauge pressure per 
square inch + 14.7. 

Column 2 gives the temperature of the steam when at the 
pressure shown in column 1. 

Column 3 gives the heat of the liquid. It will be noticed 
that the values in column 3 may be obtained approximately 
by subtracting 32° from the temperature in column 2. If the 
specific heat of water were exactly 1.00, it would, of course, 
take exactly 212 — 32 = 180 B. T. U. to raise a pound of water 
from 32° to 212°. But experiment shows that the specific 
heat of water is slightly greater than 1.00 when the temper- 
ature of the water is above 62°, and it therefore takes 180.531 
B. T. IT. to raise a pound of water from 32° to 212°. 

Column 4 gives the latent heat of vaporization, which is seen 
to decrease slightly as the pressure increases. 

Column 5 gives the total heat of vaporization. The values 
in column 5 may be obtained by adding together the corre- 
sponding values in columns 3 and 4. 

Column 6 gives the weight of a cubic foot of steam in 
pounds. As would be expected, the steam becomes denser 
as the pressure rises, and w’eighs more per cubic fot^. 

Column 7 gives the number of cubic feet occupied by 1 
pound of steam at the given pressure. It will be noticed that 
the corresponding values of columns 6 and 7 multiplied 
together always produce 1, Thus, for 31.3 pounds pressure, 
gauge, .11088 X 0.018 — 1.000, nearly. 


Column 8 gives the ratio of the volume of a pound of 
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steam at the given pressure, and. the volume of a pound ©f 
water at 39.2'^. The values in column 8 may be obtained by 
dividing 62.425, tli.e weight of a cubic foot of water at Z9.2% 
by the numbers in column 6. 

' Examples on the Use op the Steam Table. 

Example 1.— Calculate the heat required to change 5 lb, 
of water at 32° into steam at 92 lb. pressure above vacuum. 

Solution. — From column 5, the total heat of 1 lb. at 92 lb. 
pressure is 1,180.045 B. T. U. 

1,180.045 X 5 = 5,900.225 B. T, U. 

Example 2.~Ho\v many heat units are required to. raise 
8'|- lb. of wateh frodS 32° to 250° F.? 

SoLUTiON.—Looking in column 3, the heat of the liquid 
of 1 Ib. at 250.293° is 219.261 B. T. IT. 219.261- .293 = 218.968’ 
B. T. U. = heat of liquid for 250°. Then, for lb. it is 
218.968 X = 1,861.228 B. T. U. 

Example 3.— How many foot-pounds of work will it 
require to change 60 lb. of boiling water at 80 lb. pressure, 
absolute, into steam of the same pressure? 

Solution.— -Looking under column 4, the latent heat .of 
vaporization is 895.108; that is, it takes 895.108 B. T. U. to 
change 1 lb. of water at 80 lb. pressure into steam of the same 
pressure. Therefore, it takes 895.108 X 60 = 53,706.48 B. T. U. 
to perform the same operation on 60 lb. of water. 

53,706.48 X 778 = 41,783,641.44 ft.-lb. 

Example 4.— Find the volume occupied by 14 lb. of steam 
at 30 lb., gauge pressure. 

Solution.— 30 lb., gauge pressure = 30 -f- 14.7 = 44.7, abso- 
lute pressure. The nearest pressure in the table is 44 lb., and 
the volume of a pound of steam at that pressure is 9.403 cu. ft. 
The volume of a pound at 46 lb, pressure is 9.018 cu. ft. 
9.403 — 9.018 == .385 cu. ft,, tii.e difference in volume for a 

difference in pressure of 2 lb. — .1925 cu. ft., the differ- 
ence in volume for a difference in pressure of 1 lb. .1925 X .7 
== .135 cu. ft., the difference in volume for a difference in 
pressure of .7Ib. Therefore, 9.403 — .135 == 9.268 cu. ft. is the 
volume of 1 lb. of steam at 44.7 lb. pressure. The .135 cu. ft. 
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is snbrraeted from 9.403 cu. ft., since the volume is less for 
H pressure of 44.7 lb. than for a pressure c.'f 44 lb. 

9.268 X 14 = 129.752 cu. ft. 

Example 5.-- Find the weight of 40 cu. ft. of sieam at a 
temperaluro of 254° F. 

SoLr’TiON.-~The weight of 1 cn. ft. of steam at 251.002°, 
from the table, isf078839 lb. Neglecting the .002°, the weight 
of 40 cu. ft. is, therefore, 

.078839 X 40 == 3.153561b. 

Example 6.— How many pounds of steam at 64 lb. pressure, 
absolute, are required to raise the temperature of 300 lb. of 
ivater from 40° to 130° F., the water and steam being mixed ? 

SoLUTiON.~The number of heat units required to raise 
1 lb. from 40° to 130° is 130 — 40 = 90 B. T. U. (Actually a 
little more than 90 would be required, but the above is near 
enough for all practical purposes.) Then, to raise 300 lb. 
from 40° to 130° requires 90 X 300 = 27,000 B. T. U. This 
quantity of heat must necessarily come from the steam. 
Now, 1 lb. of steam at 64 lb. pressure gives np, in condensing, 
its latent heat of vaporization, or 905.9 B. T. U. But, in addi- 
tion to its latent heat, each pound of steam on condensing 
must give up an additional amount of heat in falling to 130°. 
Since the original temperature of the steam was 296.805° F. 
(see table), each pound gives up by its fall of temperature 
296.805 — 130 = 166,805 B. T. U. Therefore, each pound of the 
steam gives up a total of 

905.9 -f 166.805 = 1,072.705 B. T. U. 

07 QQQ 

:*t will, therefore, take = 25.17 lb. of steam to 

accomplish the desired result. 

With the steam tables a reliable thermometer may be used 
for ascertaining the pressure of saturated steam or for testing 
the accuracy of a steam gauge. •The temperature of t^e steam 
being measured by the thermometer, the corresponding abso- 
lute pressure is found from the steam tables; the gauge pres- 
sure is then found by subtracting 14,7 from the absolute 
pressure. Thus, the temperature of the steam in a condenser 
being 142°, we find from the steam tables that the correspond- 
ing absolute pressure is 3 lb. per sq. in,, nenri v. 


Pressure Above Vacuum in 
Pounds per rS(iuare Incli. 
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1,048.015 

1,113.055 
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1,026.094 
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■3 
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1,015.380 
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.008522 
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.011172 
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1,000.899 

1,131.462 
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6 
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61.14 
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7 
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3,302 
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.021436 

46.65 
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.023944 
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.026437 
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12 

202.012 
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1,143.555 

.031376 

31.87 

1,990 
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174.^102 
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.038688 
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16 
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18-1.919 

963.007 

1,147.926 

.041109 

24.38 

1,519 

17 

219.452 

188.056 

1 960,818 

1,148.874 

.043519 

22.98 

1,434 

IS 

22A424 

191.058 

958.721 

1.149.779 

.045920 

21.78 

l,a59 

19 

{ 225. 2d5 

1 193.918 i 956.725 

1,150.643 

.048312- 

20.70 

1,292 
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Table— ( Continued). 
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227.964 

196.655 

954.814 

1,151.469 

.050096 

19.730 

1,231.0 

23S.069 

201.817 

951.209 

1,153.026 
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237.803 
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947.861 

1,154.471 

.060171 

16.620 

1,038.0 

242.225 

211.089 

944.730 

1,155.819 
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15.420 

962.3 

246.376 

215.293 

941.791 

1,157.084 
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14.380 
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250.293 

219.261 

939.019 

1,158.280 

.074201 

13.480 

841.3 
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223.021 
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1,159.410 
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12.680 
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948.0 

260.883 
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11.360 
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929.227 

1,162.488 

.092657 

10.790 
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267.168 

236.386 
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1,163.426 

.097231 

10.280 
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239.389 

924.940 

1,164.329 

.101794 

9.S26 
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242.275 
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.106345 

9.403 

587.0 
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245.061 
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1,166.029 

.110884 
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1 247.752 
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' 250.355 
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1 283.381 
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.124433 

8.037 
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1 285.781 

255.321 
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7.756 
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1 290.374 ! 
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300.831 

270.674 
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302.774 

272.657 

901.629 

1,174.286 
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379.3 

304.669 

274.597 
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1J74.866 

075.431 
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1 369.4 
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276.493 
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308.344 

278.350 
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1,175.985 
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5.624 
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1,176.529 

.182229 

5.488 

342.6 

311.866 

281.952 

895.108 
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.186627 

5.858 

334.5 

313.576 

283.701 

893.879 

1,177.580 
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5.235 

326.8 

315.25t 

2a5.414 

892.677 

1,178.091 

.195401 

5.118 

319.5 

316,893 

287.096 

891.496 

1,178.592 

.199781 

5,006 

312.5 

318.510 

288.750 

890.335 

1,179.085 

.204155 

4.898 

305.8 
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EXPONENTS. 

By the use of logarithms, the processes of multiplication, 
division, involution, and evolution are greatly shortened, and 
some operations iiiay be performed that would be imx)ossibIe 
without them. Ordinary logarithms cannot be applied to 
addition and subtraction. 

The logarithm of a number is that exponent by which some 
dxed number, called the base, must be alfected in order to 
equal the number. Any number may be^ taken as the base. 
Suppose we choose 4. Then the logarithm of 16 is 2, because 
2 is the exponent by which 4 (the base) must be affected in 
order to equal 16, since 42 = 16. In tliis case, instead of 
reading 42 as 4 square, read it 4 exponent 2. With the same 
base, the logarithms of 64 and 8 would be 3 and 1.5, respect- 
ively, since 4^ = 64, and 4^*^ == 4^ = 8. In these cases, as in 
the preceding, read 4^ and 4^5 as 4 exponent 3, and 4 expo- 
nent 1.5, respectively. 

Although any positive number except 1 can be used as a 
base and a table of logarithms calculated, but two numbers 
have ever been employed. For all arithmetical operations 
(except addition and subtraction) the logarithms used are 
called the Briggs, or common, logarithms, and the base used 
is 10. In abstract mathematical analysis, the logarithms used 
are variously called hyperbolic, Napierian, or naturaZ loga- 
rithms, and the base is 2.71828182S+. The common logarithm 
of any number may be converted into a Napierian logarithm 
by multiplying the common logarithm by 2.3025S509+, w^hich 
is usually expressed as 2.3026, and sometimes as 2.3. Only 
the common system of logarithms will be considered here. 

Since in the common systeA the base is 10, it fo%ws that, 
since 10^ = 10, 102 = lOO, 10^ = 1,000, etc., the logarithm (ex- 
ponent) of 10 is 1, of 100 is 2, of 1,000 is 3, etc. For the sake of 
brevity in writing, the words “logarithm oV* are abbreviated 
to “log,” Thus, instead of writing logarithm of 100 = 2, 
%vrite log 100 — 2. When speaking, however, the words for 
which “ log” stands should always be pronounced in full. 
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IVoni tlie above it will be seen that, when the base is lOjv 
sin,ee lO® ~ 1, , the exponent 0 == log 1; 

.since 10^ 10, the exponent 1 = log 10> 

since lO^ == 100, .the exponent 2 ~ log 100; 

since 10’^ = 1,000, the exponent 3 = log 1,000; etc. 

Also, ^ 

since 11)-^ = the exponent — 1 = log .1; 

since 10-" = ^ = .01, the exponent — 2 '== log ,01; 
since lO-^ = ■— -001, the exponent — 3 — log .001; etc. 

From this it will be seen that the logarithms of exact 
powers of 10 and of decimals like .1, .01, and ,001 ■ are the 
whole immbers 1, etc. and —1, —2, —3, etc., respectively. 
Only numbers co7msiing of 1 and one or more ciphers have 
whole ?iwm5ers for logaTitkms, 

Now, it is evident that, to produce a number betw^een I 
and 10, the exponent of 10 must be a fraction; to produce 
a number between 10 and 100, it must be 1 plus a fraction; 
to produce a number betw'een 100 and 1,000, it must be 2 plus 
a fraction; etc. Hence, the logarithm of any number between 
1 and 10 is a fraction; of any number between 10 and 100, 

1 i>lus a fraction; of any number between 100 and 1,000, 

2 plus a fraction, etc. A logarithm, therefore, usually con- 
sists of two parts: a whole number, called the characteristic, 
and a fraction, called the ^nantissa. The mantissa is always 
expressed as a decimal. For example, to produce 20 , 10 must 
have an exponent oi approximately 1.30103, or lOb ^oioa ~ 20, 
very nearly, the degree of exactness depending on the num- 
ber of decimal places used. Hence, log 20 — 1.30103, 1 being 
the characteristic, and .30103, the mantissa. 

Referring to the second part of the preceding table, it is 
clear that the logarithms of all numbers less than I are nega- 
tive, the logarithms of those between 1 and .1 being —1 plus 
a fractioij^ For, since log .1 ~ — 1, the logarithms of .2, .3, etc. 
(which are all greater than .1, but less than 1) must be 
greater than —1; i. e., they must equal —1 plus a fraction. 
For the same reason, to produce a niunber between .1 and 
.01, the logarithm (exponent of 10) would be equal to —2 
plus a fraction, and for a number between .01 and .001, it 
would be equal to —3 plus a fraction. Hence, the logarithm 
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of any niimber between 1 and .1 has a negative Chameter* 
isiic 01 1 and a positive mantissa; of a number between 
.1 and .01, a negative characteristic, of 2 and a positive 
inantissa; of a number between .01 and .001, a negative 
characteristic of 8 and a positive mantissa; of a number 
between .001 an(^.0001, a negative characteristic of 4 and a 
positive inantissa, etc. The negative characteristics are dis- 
tin gut shed from the positive by the — sign written over the char- 
acteristic. Thus, 3 indicates that 3 is negative. 

It must be remembered that in all cases themaiitissa is posi- 
tive. Thus_j_the logarithm 1.30103 means +1 + .30103, and the 
logarithm 1.30103 means —1 + .30103. Wgre the minus sign 
written in front of the characteristic, it would indicate that 
the entire logarithm was negative. Thus, —1.30103 = —1 
-.30103. 

Rule for Characteristic.—Startingfromtheunit figure, count 
the number of places to the first (left-hand) digit of the given 
number, calling unit’s place zero; the number of places thus 
counted will be the required characteristic. If the first digit 
lies to the left of the unit figure, the characteristic is positive; 
if to the right, negative. If the first digit of the number is the 
unit figure, the characteristic is 0. Thus, the charactertisic of 
the logarithm of 4,826 is 3, since the first digit, 4, lies in the 3d 
place to the left of the unit figure, 6. The characteristic of 
the logarithm of 0.0000072 is --6 or 6 , since the first digit, 7, 
lies in the Cth place to the right of the unit figure. The char- 
acteristic of the logarithm of 4.391 is 0, since 4 is both the first 
digit of the number and also the unit figure. 


TO FIND THE LOGARITHM OF A NUMBER. 

To aid in obtaining the mantissas of logarithms, tables of 
logarithms have been calculsftod, some of which ^re very 
elaborate and convenient. In the Table of Logarithms, the 
mantissas of the logarithms of numbers from 1 to 9,999 are 
given to five places of decimals. The mantissas of logarithms 
of larger numbers can be found by interpolation. The table 
contains the mantissas only: the characteristics may be easily 
found by the preceding rule. 
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■ Tke , table depends on the principle, which will ■ he 
explained later, that all numbers having the same figures 
in tlie sj-iine tjrder iiave the same mantissa, without regard to 
the position of the decimal point, which affects the charac* 
teristie only. To illustrate, if log 206 = 2.31387, then, 
log 20.6 = 1.31387; log .206 #= 1.31387; 

Jog 2.06 .31387; log .0206 = 2.31387; etc. 

To find the logarithm of a number not having more than 
four figures: 

Ruee.— fhe fin't three significant figures of the number 
ivhose logarithm is desired, in the left-hand column; find the 
fourth figure m the mlam.n at the fop {or bottom) of the page; and 
in the column under (or above) this figure, and opposite the first 
three figures previously found, uill be the mantissa or decimal 
part of the loganthm. The ckaTacterUiie being found as pre- 
viously described, write it at the left of the mantissa^, and the 
vesulting expression will he the logarithm of the required number* 

Example.— Find from the table the logarithm (a) of 476; 
<5) of 25.47; (c) of 1.073; {d) of .06318. 

Solution. — (a) In order to economize spaoe and make 
the labor of finding the logarithms easier, the first two figures 
of the mantissa are given only in the column headed 0. The 
last three figures of the mantissa, opposite 476 in the column 
headed N (N stands for number), are 761, found in the 
column headed 0; glancing upwards, we find the first two 
figures of the mantissa, viz., 67. The characteristic is 2; 
hence, log 476 = 2.67761. 

Note.— Since all numbers In the table are decimal frac- 
tions, the decimal point is omitted throughout; this is cus- 
tomary in all tables of logarithms. 

(5) To find the logarithm of 25.47, we find the first three 
figures, 254, in the column headed N, and on the same hori- 
zontal li%e, under the column headed 7 (the fourth figure of 
the given number), will be found the last three figures of 
the mantissa, viz., 603. The first two figures are evidently 40, 
and the characteristic is 1; hence, log 25.47 = 1.40603. 

{c) For 1.073; in the column headed 3, opposite 107 in the 
column headed N, the last three figures of the mantissa are 
found, in the usual manner, to be 060. It will be noticed 
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that these figures are printed *060, the star meaning that 
instead of glancing upwards in the column headed 0, and 
taking 02 for the first two figures, we must glance downvMrds 
and take the two figures opposite the number 108, in the 
left-hand column, i. e., 03. The characteristic being 0, log 
1.073 ~ 0.03060, OJ^, more simply, .03060. 

(d) For .06313; the last three figures of the mantissa are 
found opposite 631, in column headed 3, to be 024. In this 
case, the first two figures occur in the same row, and are 80. 
Since the characteristic is 2, log .06313 == 2.80024. 

If the original number contains but one digit (a cipher is 
not a digit), annex mentally two ciphers^o the right of the 
digit; if the number contains but two digits (with no ciphers 
between, as in 4,008), annex mentally one cipher on the 
right before seeking the mantissa. Thus, if the logarithm of 
7 is wanted, seek the mantissa for 700, which is .84510; or, if 
the logarithm of 48 is wanted, seek the mantissa for 480, 
W'hich is .68124. Or, find the mantissas of logarithms of num- 
bers between 0 and 100, on the first page of the tables. 

The process of finding the logarithm of a number from the 
table is technically called taking out the logarithm. 

To take out the logarithm of a number consisting of more 
than four figures, it is inexpedient to use more than five 
figures of the number when using five-place logarithms (the 
logarithms given in the accompanying table are five-place). 
Hence, if the number consists of more than five figures and 
the sixth figure is less than 5, replace all figures after the fifth 
with ciphers; if the sixth figure is 5 or greater, increase the 
fifth figure by 1 and replace the remaining figures with 
ciphers. Thus, if the number is 31,415,926, find the logarithm 
of 31,416,000; if 31,415,426, find the logarithm of 31,415,000. 

Example.— F ind log 31,416. 

Solution.— Find the mantis^sa of the logarithm ofithe first 
four figures, as explained above. This is, in the present ease, 
.49707. Now, subtract the number in the column headed 1, 
opposite 314 (the first three figures of the given number), from 
the next greater consecutive number, in this case 721, in the 
column headed 2. 721 — 707 = 14; this number is called the 
difference. At the extreme right of the page will be found a 
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)■ fcjecoiidary .ta’ole headed P. P., and, at the top of one of .these 
J; ' columns, in this table, in bolcl-faee type, will be found the 
difference. It will be noticed that each cohimn is divided 
into two parts by a vertical line, a.nd that the figures on the 
left of this line run in sequence from 1 to 9. Considering the 
difference coinnin headed 14, we see opposite the number 6 
(6 is the last or fifth figure of the number whose logarithm 
we are taking out) the nuiiiber 8.4, and wn. add this number 
to the mantissa found above, disregarding the decimal point 
in the mantissa, obtaining 49,707 + 8.4 = 49,715.4. Now, since 
4 is less than 5, we reject it, and obtain for our complete 
mantissa .49715. Si^ice the characteristic of the logarithm of 
i 31,416 is 4, log 31,416 = 4.49715. 

" Example.— Find log 380.93. 

Solution. — Proceeding in exactly the same manner as 
above, the mantissa for 3,809 is 58,081 (the star directs us to take 
;• 58 instead of 57 for the first two figures); the next greater 

mantissa is 58,092, found in the column headed 0, opposite 381 
■ ; in column headed N. The difference is 092 — 081 ~ 11. Look- 

ing in the section headed P. P. for column headed 11, we find 
opposite 3, 3.3; neglecting the .3, since it is less than 5, 3 is the 
amount to be added to the mantis.sa of the logarithm of 3,809 
to form the logarithm of 38,093. Hence, 68,081 + 3 = 58,081, 
and since the characteristic is 2, log 380.93 — 2.58084. 
Example.— Find log 1,296,728. 

Solution.— Since this number consists of more than five 
figures and the sixth figure is less than 5, we find the loga 
rithm of 1,296,700 and call it the logarithm of 1,296,728. The 
mantissa of log 1,290 is found to be 11,261. The difference is 
294 — 261 == 33. Looking in the P. P. section for column 
headed 33, we find opposite 7, on the extreme left, 23.1; neg- 
lecting the .1, the amount to be added to the above mantissa 
is 23. lienee, the mantissa oT log 1,296,728 — 11,261 +23 — 
11,284; since the characteristic is 6, log 1,296,728 — 6.11284. 
Example.— Find log 89.126. 

Solution.— Log 89.12 ~ 1.94998. Dift'erence between this 
and log 89.13 = 1.95002-1.94998 = 4. The P. P. (propor- 
tional part) for the fifth, figure of the number 6 is 2,4, or 2. 


Hence, log 89.126 - 1.94998 + 00002 =, 1.95000. 



38 


USEFUL TABLES. 


EXA^rpLS.—Pind log .096725. _ 

Solution.™ Log .09072 = 2.98552. Difference == 4. 

P. P. for 5 = 2 

Hence, log .096725 == 2.98554. 

To line! the logarithm of a number consisting of fire c-r 
more iigtires: 

Rule.— I. If the number consists of more them five figures and 
the sixth figure is 5 or greater, increase the fifth figure by 1 and 
ivrite ciphers in place of the sixth and remaining figures. 

II. Find the mantissa corresponding to the loganthni of the 
first four figures, and substract thisma7itissa from the next greater 
mantissa in the table; the remainder is the difi'eremcc. 

III. Find in the secondary table headed P. P. a colinnn 
headed by the same number as that just found for the difference, 
and in this column, opposite the number corresponding to the fifth 
figure {or fifth figure increased by 1) of the given number {this 
figure is always situated at the left of the dividing line of the 
colum'n), will be found the P. P. {proportional part) for that 
number. The P. P. thus found is to be added to the maiitissa 
found m II, as in the preceding examples, and the result is the 
ma7itissa of the logarithm of the given number, as nearly as may 
be found with five-place tables. 


kO FIND A NUMBER WHOSE LOGARITHM IS GIVEN, 

Ru le,— I. Consider the mantissa first. Glance along the differ- 
ent columns of the table which are headed 0, until the first two 
figures of the mantissa are found. Theri, glance down the same 
column mitil the third figure is found {or 1 less than the third 
figure). Having found the first three figures, glance to the^'ight 
along the row in which they are situated until the last three figures 
of the mantissa are found. Then, the number that heads the 
column in which the last three figures of the mantissa aTe found 
is the fourth figure of the required number^ and the first three 
figures lie in the column headed N, and in the same row in which 
lie the last three figures of the mantissa. 

II. Jf the mantissa cannot be found in the table, find the 
mantissa that is nearest to, but less than, the given mantissa, and 
which call iho next less mantissa. Subtract the next less mantissa 
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from Ihe tieii greet tei' mmitissa in the table to obtain the difference. 
Alsu, subiraH the next less mantissa from the mantissa of the 
(jirt u togorilhiif, and call the reniamder the P. P. Looking in 
the sppondiiry table headed P. P. for the column headed by the 
difference, just found, jind the mmiber opposite the P. P. just 
fatiiid {or I'nc P. .P. corresponding most nearly to that just found); 
this number A the jiflh jigure of the required number; the fourth 
fly arc irJ!l be j'oiivd 'at the fop of the column containing the next 
iess mardissa. and the first three figures in the column headed N 
and in the same rom that corttains the next less mantissa. 

III. Iiaring found, the figures of the number as above 
directed,, locate the d*r.imal 'point by the rules for the character^ 
isUe, annexing ciphers in bring the number up to the required 
number of figures if the characteristic is greater than 4. 

PIXAi'iPLE. — Find tlie number whose logarithm is 3.56S67. 

Solution.— T he first two figures of the mantissa are 66; 
glancing down the column, we find the third figure, S (in con- 
nection with 820), opposite 370 in the N column. Glancing 
to the right along the row containing 820, the last three 
figures of the mantissa, 867, are found in the column headed 
4; hence, the fourth figure of the required number is 4, and 
the first three figures are 370, making the figures of the 
required number 3,704. Since the characteristic is 3, there 
are three figures to the left of the unit figure, and the number 
whose logarithm is 3,56867 is 3,704. 

Example.— F ind the number whose logarithm is 3.56871. 

Solution.— The mantissa is not found in the table. The 
next less mantissa is 56,867; the difference between this and 
the next greater mantissa is 879 — 867 = 12, and the P. P. is 
56,871 — 56,867 = 4. Looking in the P. P. section for the 
column headed 12, we do not find 4, but we do find 3.6 and 
4.8, Since 3.6 is nearer 4 than 4.8, we take the number 
opposite ^.6 for the fifth figure "of the required number; this 
is 3. Hence, the fourth figure is 4; the first three figures 
370, and the figures of the number are 37,043. The charac- 
teristic being 3, the number is 3,704.3. 

Example.— Find the number whose logarithm is 5.95424. 

Solution.— T he mantissa is found in the column headed 0, 
opposite 900 in the column headed N. Hence, the fourth 
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figure is 0, and the number is 500,000, the characteristic 
being 5. Had the logarithm been 5.95424, the number would 
have been .00009. 

Example.— F ind the number w'hose logarithm is .93030. 

Solution.— The first three figures of the mantissa, 930 ,* 
are found in th^ 0 column, opposite 852 in the N eolumn; 
but since the last two figures of all the mantissas in this row 
are greater than 36, we must seek the next less mantissa in 
the preceding row. We find it to be 93,034 (the star directing 
us to use 93 instead of- 92 for the first two figures), in the 
column headed 8. The difference for this case is 039 — 034 
= 5, and the P. P. is 036 - 034 = 2. Looking in the P. P. 
section for the column headed 5, we find the P. P., 2, opposite 4* 
Hence, the fifth figure is 4; the fourth figure is 8; the first 
three figures 851, and the number is 8.5184, the characteristic 
being 0. 

Example. — Find the number whose logarithm is 2 ^. 05753 . 

Solution.— The next less mantissa is found in column 
headed 1, opposite 114 in the N column; hence, the first 
four figures are 1,141. The difference for this case is 767 — 729 
= 38, and the P. P. is. 753 - 729 = 24. Looking in the P. P. 
section for the column headed 38, %ve find that 24 falls 
between 22.8 and 26.6. The difference between 24 and 22.8 
is 1.2, and between 24 and 26.6 is 2.6; hence, 24 is nearer 22.S 
than it is to 26.6, and 6, opposite 22.8, is the fifth figure of the 
number. Hence, the number whose logarithm is i05753 
is .011416. 

In order to calculate by means of logarithms, a table is 
absolutely necessary. Hence, for this reason, we do not 
explain the method of calculating a logarithm. The work 
involved in calculating even a single logarithm is very great, 
and no method has yet been demonstrated, of which we are 
aware, by w'hieh the logarithnf of a number like 12^ can be 
calculated directly. Moreover, even if the logarithm could 
be readily obtained, it would be useless without a complete 
table, such as that which is here given, for the reason that 
after having used it, say to exti'act a root, the number 
corresponding to the logarithm of the result could not 
be found. 
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MULTI PLICATION SY LOGARITHMS. 

The principle .upon whieli the process is based may be' 
illustrated as 'follows: Le't X and Y represent two numbers 
v/hose logarithms are x arid y. To hud the logarithm of their 
prodiict, we haTe, from the definition of a logarithm, ' 

Iff = X, (1) ■ • 

and 10^ = F. (2) 

Since both members of (1) may be multiplied by the same 
quantity witho'ut. destroying the equality, they evidently 
may be multiplied by equal quantities like 10^^ and F. Hence, 
multiplying ( 1 ) . by »( 2 ) , member by member, 

10*X10”' = = XF, 

or, by the definition of a logarithm, x-{-y = log X Y. But 

X Y is the product of X and F, and .t -f y is the sum of their 

logarithms; from which it follo ws that the sum of the loga- 
rithms of two numbers is equal to the logarithm of their 
product. Hence,' 

To multiply two or more numbers by using logarithms: 

Rule.— -Add the logarithms of the several numbers, and the sum 
will be the logarithm of the product. Find the number corre- 
sponding to this logarithm, and the result will be the number 
sought. 

Example.— Multiply 4.38, 5.217, and 83 together. 

Solution.— Log 4.38 = .64147 
Log 5.217 = .71742 
Log 83 = 1.91908 

Adding, 3.27797 = log (4.38 X 5.217 X 83). 

Number corresponding to 3.27797 =5 1,896.6. Hence, 4,38 
X 5.217 X 83 — 1,896.6, nearly. By actual multiplication, the 
product is 1,896.5818, showing that the result obtained by using 
logarithms was correct to five''figuTes. 

When adding logarithms, their algebraic sum is always 
to be found. Hence, if some of their numbers multiplied 
together are w’holly decimal, the algebraic sum of the char- 
acteristics will be the eharacteri.stic of the product. It must 
be remembered that the mantissas are alii^ays positive. 


Example.— M ultiply 49.82, .00243, 17, and .97 together. 



42 


USEFUL TABLES. 


Solution — 

Log 49.82 = 1.69740 
Log.0021?» = 3.38561 
Log 17 = 1.23045 
Log .97 = 1.98677 

Adding, 0.30023 = log (49.82 X .00243 X 17 X .97). 

Number corresponding to 0.30023 = 1.9963. Hence, 49.82 
X .00243 X 17 X .07 = 1.0963. 

In this case the sum of the mantissas was 2.30023. The 
integral 2 added to the positive characteristics makes their 
sum = 2-rl-rl == 4; sum of negative characteristics — 3 
-j- i = 4, whence 4 + (— 4) = 0. If, instead of 17, the number 
had been .17 in the above example, the logarithm of .17 would 
have been 1.23045, and the sum of the logarithms would have 
been 2.30023; the product would then have been .019963. 

It can now be shown why all numbers with figures in the 
same order have the same mantissa, without regard to the 
decimal point. Thus, suppose it were known that log 2.06 
= .31387. Then, log 20.6 = log (2.06 X 10) = log 2.06 + log 10 
= .31387 + 1 = 1.31387. And so it might be proved with the 
decimal point in any other position. 


DIVISION BY LOGARITHMS. 

As before, let X and V represent two numbers whose loga- 
rithms are x and y. To find the logarithm of their quotient, 
we have, from the definition of a logarithm, 

10^ = X, (1) 
and l(f^ = r. (2) 

Dividing (1) by (2), 10*~*' = or, by the definition of a 

logarithm, x~y =- log But ■— is the quotient ^fX™ F, 

and x~yis> the difference of their logarithms, from w^hieh it 
follows that ihe difference between the logarithms of two numbers 
is equal to the logarithm of their quotient. Hence, to divide 
one number by another by means of logarithms : 

Rule . — Subtract thMogarithm of the divisor from the logarithm 
of the dividend, and the resvitwiU he the logarithm of the quotient 
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Exampul— D ivide 6,784.2 by 27.42. 

Solution.— Log 6,784.2 — S.8S15G 
Log 27.42.= 1.43807 

€lifff3^r.nce = 2.39343 == log (6, 7M.2-r- 27.42). 

Number corresponding to 2.39343 = 247.42. Hence, 6,784.2 
--- 27.42 .= 247.42. ' «« 

Wlieri subtracting logarithms, their algSraic difference is 
to be found. The operation may sometimes he confasing, 
i'eeause the mantissa is always positive, and the character- 
istic may be either positive or negative. Wie7i the logarUhtn 
to be subtracted is greater than the logarithiyi from which it is io 
he tahen^ or when' negative characteristics appear^ subtract the 
mantissa first, and then the characteristic, by changing its sign 
andaddirig. 

Example.— D ivide 274.2 by 6,7M.2. 

Solution.— Log 274.2 = 2.43807 
Log 6,784.2 = 3.83150 

160657 

First subtracting the mantissa .83150 gives .60657 for the 
mantissa of the quotient. In subtracting, 1 had to be taken 
from the characteristic of the minuend, leaving a charac- 
teristic of 1. Subtract the characteristic 3 from this, by 
changing its sign and adding 1 — 3 = 2, the_characteristic of 
the quotient. Number corresponding to 2.60657 = .040418. 
Hence, 274.2 6,784.2 = .040418. 

Example.— Divide .067842 by .002742. 

Solution.— Log .067842 = 2.83150 
Log .002742 = 3.43807 

difference = 1.39343 

Since .83150 — .43807 = .39343 and — 2 -f 3 = 1, number cor- 
respondijig to 1.39343 = 24.742. Hence, .067842 -i- ,002742 = 
24.742. 

The only case that is likely to cause trouble in subtract- 
ing is that in which the logarithm of the minuend has a nega* 
five characteristic, or none at all, and a mantissa less than 
the mantissa of the subtrahend. For example, let it be re- 
quired to subtract the logarithm 3.74036 from the logarithm 
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INVOLUTION BY LOGARITHMS. 

If X represents a number whose logarithm is we have, 
from the definition of a logarithm, 

10* == X • 

liaising both numbers to some powder, as the ?ith, the 
equation becomes 

10*" -X". 

But X” is the required power of X”, and xn is its logarithm, 
from which it foHows that the logarithm of a number 


S.55145. Tile logarithm 3.55145 is equivalent to — 3 -f .55145. 
Kow. if we add both +1 and — 1 to this logarithm, it will not 
change its value. Hrace, 3.55145 = ~3 — l + l-f .55145 = 4 
-T- 1 .55145. Therefore, 3.55145 — 3.74036 = 

4 + 1.55145 
3-f .74036 

= 7 -f .81109 = 7.81109. 

Had the characteristic of the above logarithm been 0 
iiif'iead of 3, the process would have been exactly the same, 
liius, .5.5145 = 1 +1.55145£^ hence, 

I + 1.55145 
3+ .74036 


difference = 4 + .81109 = 4.81109. 
Example.— D ivide .02742 b^^67.842. 

Solution.— Log .02742 = 2.43807 = 3 4- 1.43807 
Log 67.842 = 1.83150 = 1 -f .83160 


differmce = 4 + .60657 = 4.60657. 
Number corresponding to 4.60657 = .00040417. Hence, 
.02742 ^ 67.842 = .00040417. 

Example.— What is the reciprocal of 3.1416? 
SoLUTioN.-Keciprocal of 3.141G = and log 

= log 1 ~ log 3.1416 = 0 -_^49715. Since 0 = -1 + 1, 

1 + 1.00000 
.49715 


difference = 1 + ^285 = 
Number whose logarithm is 1.50285 = 


1.50285. 

.31831. 
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mnltiplieci by the exponent of tlie power to which it is raised 
is equal to the logarithm of the power. Hence, to ' raise a 
number to any power by the use of logaritiims: 

RuIq.— M ultiply the logaritkni of the number by the exponent 
that denotes the potver to which the number is to be raised, and the 
result iiiil be the logarithm of the required po wer. 

Example. — Wiiat is (a) the square of 7.?f2? (b) the cube 
of 94.7? (c) the 1.6 power of 512, that is, the value of 

Solution. — (a) Log 7.92 =.89873; exponent of power = 2. 

' Hence, .89873 X 2 = 1.79746 = log 7.922. Humber correspond- 
ing to 1,79746 = 62.727. Hence, 7.922 = 62.727, nearly. 

(b) Log 94.7 '= 1.97635; 1.97635 X 3 = 5.92905 = log 94.73. 
Number corresponding to 5.92905 = 849,280, neai'ly. Hence, 
94.73 = 849,280, nearly. 

{€) Log 5121-6 = 1.6 X log 512 = 1.6 X 2.70927 = 4.334832, 
or 4.33483 (when using five-place logarithms) = log 21,619. 
Hence, 512i'0 21,619 nearly. 

If the number is wholly decimal, so that the characteristic 
is negative, multiply the two parts of the logarithm separately by 
the exponent of the number. If, after multiplying the mantissa, 
the product has a charade^'isUc, add it, algebraically, to the neg- 
ative characteristic nhulUplied by the exponent, and the result will 
be the negative characteristic of the required power. 

Example. — ^Haise .0751 to the fourth power. 

SoLTJTlON.~-Log.075H = 4 X log .0751 = 4 X 2.87564. Mul- 
tiplying the parts separateljq 4X2 = 8 and 4 X .87564 
= 3.50256. Adding the 3 and 8, 3 -f (~ 8) = ■— 5; therefore, 
log .075H = 5.50256. Number corresponding to this = 
.00003181, Henee, .075H = .00003181. 

A decimal may be raised to a power whose exponent con- 
tains a decimal as follows: 

, EXAMPLE.—Raise .8 to the 1.21 power. 

Solution.— Log .8L21 = 1.21 X1.90309. There are several 
ways of performing the multiplication. 

First Method.— Adding the characteristic and mantissa 
algebraically, the result is —.09691. Multipljdng this by i.*21 
gives —.1172611, or —.11726, when using five-place logarithms. 
To obtain a positive mantissa, add -f 1 and ~1; whence, 
log .8b2i = q. 1 _ .11726 = 1,88274. 
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5e(jo?m! tlie characteristic and, man- 

tissa separately gives —1.21 + i..09274. Adding characteristic 
eijd mantissa algebraically, gives —.11726; then, adding -fl 
and -1, log .S^*2i == 1.SS274. 

Tkird 3/et/?.od.~Multiplying the characteristic and man- 
tissa separately gives —1.21 + 1.09274. Adding the.: decimal 
part of the chafacteristic to the mantissa gives —1 + (—.21 
+ 1.09274) = 1.SS274 = log.8i.2i. The number corresponding 
to the logarithm 1.88274 = .76338. 

Any one of the above three methods may be used, but we 
recomio.end the first or the third. The third is the most 
elegant and saves figures, but requires the exercise of more 
caution than the first method does. Below will be found the 
entire work of multiplication for both .81-1 and .8-21. 

1.90309 

1.21 

90309 
18061S 
90309 

1.09273S9 
- 1.21 

1.8827389, or 1.88274. 

In the second case, the negative decimal obtained by 
multiplying —1 and .21 w^as greater than the positive decimal 
obtained by multiplying .90309 and .21; hence, +1 and ~l 
were added, as shown. _____ 


EVOLUTION BY LOGARITHMS. 

If X represents a number whose logarithm is x, we have, 
from the definition of a logarithm, 

10* = X 

Extracting some root of both members, as th^ ?ith, the 
equation becomes 

10«=v^X 

But ^'X is the required root of X, and 5 is its logarithm, 
flrom which it follows that the logarithm of a number divided 


1.90309 

.21 

90309 

180618 


+1.1896489 

— 1 - .21 ' ' 

1.9796489, or 1.97965. 
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by the index of the root to be extracted as equal to the \ 

logarithiia of the root. Hence, to extract any root of a number . \ 

by means of logarithms: 

Ruie.—H'iwde the logartthm of the number by the index of ike 
root; the result will be the logarithm of the root. ' ' 

Example.-— E xtract (a) the square root of 77,851; . (6) the ' ' 

cube root of 698,970; (c) the 2.4 root of 8,9f)4,S0«. 

Solijtion.™(g) Tf)gJ7,S51 = 4.89127; the index of the root 
is 2; hence, log i'" 77,851 =- 4.S9127 - 2 === 2.44564; number 
corresponding to this -= 279.02. Hence, V'" 77, 851 = 279.02, 
nearly. 

, = 5.<S444G - S = 1.94815 - log 88.746; or ' ' 

# 693,970 8 8.747, nea rly. 

(c) Log 8 ,964,300 = 6.95251 -j- 2.4 = 2.89688 ~ log 788 64; ^ 

or, 8,964,300 -= 788.64, nearly. 

If it i.s required to extra'ct a root of a number wholly deci- 
mal, and the negative characteristic will not exactly contain 
the index of the root, without a remainder, proceed as follows: 

Separate the two parts of the logarithm; add as many units (or 
parts of a unit) to the negative charactenstic as 2viU make it 
exactly contain the index of the root. Add the same number to 
the mantissa, and divide both Ayarts bytfie index. The result 
will be the characteristic and man tissa of the root. 

Example.— E xtract the cube root of .0003181. 

Solution.— L og #"^0003181 log .000318 1 _ 4.50256 

tj 3 * 

+ 2 = 6) + (2 + .50256 = 2.50256). 

^ = 2 ) + (2.50256 -- 3 = .83419) ; 
or, log #.0003181 = 2.83419 = log .068263. 

Hence, #'.0003181 = .068263. 

Example.— F ind the value of 

Solution.— L og *‘"^#100^181 = == L60256 ^ 

If — ,23*be added to the characteristic, it will contain 1.41 
exactly 3 times. Hence, 

[»-4 q. (_» .23) = “Jt.23] + (.23 + .50256 = .73256), 

(--4.23 jl .41 3 ) +p3256 -4-1.41 = .51955); 

or, log • -/. 0003181 = 3.51955 = log .0033079. 

Hence, 0003181 = .0033079. 
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Example.— S olve this expression by logarithms: 
497 X .0181 X 762 _ ^ 

3, 300 X. 6517 

m == 2.69636 
.0181 = 2.25768 
762 = 2.88195 


Solution. 


Log product = 3.83599 
Log 3,300 = 3.51851 
Log .6517 = 1.81405 

Log product = 3.33256 
3.83599 - 3.33256 = .50343 = log 3.1874. 
497 X .0181 X 762 , 

3, 300 X. 6517 

„ . 3/ 504,203 X 507 , , 

,E.-Solve ^/i: 7 -^ a:4 - x 87 ’’y 
N.— Log 504,203 = 5.70260 
Log 507 = 2.70501 


8.40761 

.24304 

1.85370 

1.93952 


Hence, = 28.65. 

Logarithms can often be applied to the solution o: 
equations. 

Example.— Solve the equation 2.43x5 = ^jOGis. 
Solution.— 2.43x5 = f^.0M8. ^ 


Dividing by 2.43, = ' 2 4F ~‘ 

Taking the logarithm of both numbers, 
log .0648 , 

2 Irtor 0 A 


5 X log a; 


LOGARITHMS. 
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•or. 5 log .■« = - .38561 

= 180193- -.38561 
== 1.41632. 

DiTiding by 5, log a; — 1.88326; 
whence, x = .7643. 

E'xample.— Solve the equatio'n 4.5"® = S. 

SoLUTioN.—Taldrig the logarithms of both ntiiiibers, 

X log 4.5 = log 8, 

, log 8 .90309 

log 4.0 .65321 

Taking logarithms again, 

log X =-- log .90309 - log .65321 = 1.95573 — 1.81505 
= .14068; ■whence, x — 1.3825. 

Remark.— Logarithms are particularly useful in those 
eases when the unknown q'uaiitity is an. exjwnent, as in the 
last example, or when the exponent contains a decimal, as 
in several instances' i'n the examples given on pages 45>49. 
Such examples can be solved without the use of logarithms, 
but the process is very long and somewhat involved, and the 
arithmetical work required is enormous. To solve the exam- 
ple last given wdthout using the logarithmic table and obtain 
the value of x correct to five figures would require, perhaps, 
100 times as many figures as were used in the solution given, 
and the resulting liability to error ivould be correspondingly 
increased; indeed, to confine the work to this number of 
figures would also require a good knowdedge of short-cut 
methods in multiplication and division, and judgment and 
skill on the part of the calculator that can only be acquired 
by practice and experience. 

Formulas containing quantities affected with decimal 
exponents are generally of an empirical nature; that is, the 
constant^ or exponents or both are given such values as will 
make the results obtained by the formulas agree with those 
obtained by experiment. Such formulas occur frequently in 
works treating on thermodynamics, strength of materials, 
machine design, etc. 
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Table — ( Continued). 


N. 

L.O 

1 

2 

3 

4 

5 

6 

7 

8 


p 

.P„ . 

400 

60 2tl6 

217 

22S 

239 

249 

260 

271 

282 

293 

304 



401 

314 

”325 

""336 

347 

338 

369 

379 

390 

401 

412 



402 

423 

433 

444 

455 

466 

477 

487 

498 

509 

520 



403 

531 

541 

552 

563 

574 

584 

595 

606 

617 

627 



404 

638 

619 

660 

670 

681 

692 

703 

713 

724 

735 



405 

746 

756 

767 

778 

788 

799 

810 

821 

831 

842 



406 

S53 

863 

874 

885 

895 

906 

917 

927 

938 

949 


31 

40- 

950 

970 

981 

991 

S!‘002 

S013 

Jf023 

#034 

*045 

#055 

1 

1.1 

408 

61 066 

077 

087 

098 

109 

119 

130 

140 

151 

162 

2 

9..9, 

409 

172 

1S3 

194 

204 

215 

225 

236 

247 

257 

268 

3 

3.3 

4!0 

27S 

289 

300 

310 

321 

331 

342 

352 

363 

374 

4 

4.4 

411 

3'-4 

305 

405 

416 

426 

437 

4.18 

458 

469 

479 

6 

6.6 

412 

400 

500 

511 

521 

532 

542 

553 

563 

574 

5S4 

7 

7.7 

413 

505 

606 

616 

627 

637 

648 

658 

669 

679 

690 

8 

8.8 

414 

700 

711 

721 

731 

742 

752 

763 

773 

781 

794 

9 

9.9 

415 

805 

815 

826 

836 

847 

857 

868 

878 

888 

899 



416 

009 

920 

930 

941 

951 

962 

972 

982 

993 

*003 



417 

62 014 

024 

034 

043 

055 

066 

076 

08G 

097 

107 



418 

118 

128 

13S 

149 

159 

170 

180 

190 

201 

211 



419 

221 

232 

242 

252 

263 

273 

284 

294 

804 

315 



420 

325 

335 

346 

356 

366 

377 

387 

897 

408 

418 


10 

421 

428 

439 i 449 

459 

469 

480 

490 

500 

511 

521 


422 

5S1 

542 

552 

562 

572 

583 

593 

603 

613 

624 

1 

1.0 

423 

634 

644 

655 

665 

675 

685 

696 

706 

716 

726 

2 

2.0 

424 

737 

74-7 

757 

767 

778 

788 

798 

808 

818 

829 

8 

3,0 

425 

839 

849 

859 

870 

880 

890 

900 

910 

921 

931 

4 

4.0 

426, 

941 

951 

961 

1 972 

982 

992 

#002 

»012 

*022 

*033 

5 

5.0 

427 

63 043 

053 

063 

j 073 

083 

094 

104 

114 

124 

: 134 

6 

6.0 

428 

144 

155 

165 

175! 

185 

195 

205 

215 

' 225 

i 236 

7 

7,0 

429, 

246 

256 

266 

1 276 i 

286 

296 

306 

317 

; 327 

! 337 

8 

8.0 

430 

347 

357 

367 

377 

387 

397 

407 

417 

"428 

! 438 


9.0 

431 1 

448 

458 

468 

478 

488 

“498 

508 

518’ 

“W8 




432, 

548 

55S 

568 

579 

589 

599 

609 

619 

629 

639 



433' 

C49 

659 

669 

679 

689 

699 

! 709 

719 

729 

739 



434' 

749 

759 

769 

779 

789 

799 

1 809 

8191 

829 

839 



435 

849 

859 

869 

879 

889 

899 

1 909 

919 

929 

939 



436 

949 

959 

969 

979 

, 988 

998 

*008 

#018 

*028 

1*038' 


9 

437 

64 048 

058 

068 

1 078 

088 

098 

1 108 

1181 

128 

137 

1 

1 0.9 

43H 

147 

157 

167 

' 177 

1 187 1 

197 

I 207 

2171 

227 

237 

2 

' 1.3 

439 

246 

256 

266 

, 276' 

2861 

2961 

' 806 

3161 

326 

335 

3 

2.7 

440 

345 

355 

365 

■375 

385 

395, 

404 

“mi 

424 

4S4l 

4 

3.6 

441 

444 

454 

484 

473 1 

' 483 

4931 

503 

513 

“523 

"5^ 

5 

6 

1 4.5 

1 5 4 

442 

542 

552 

562 

5721 

582 

5911 

601 

611 

621 

631 

7 

1 5 3 

413 

0411 

650 

660 

670 1 

680 

689 

1 699 

709 

, 719 

729 


L' 7.2 

444 

738 

748 

758 

768, 

r 777 

787, 

797 

807 

816, 

826 

a 1 

8.1 

445 

8361 846 

856 

' 865 

875' 

885 

895 

904 

914, 

924 

* 1 


446 

933 

043 

953 

9631 

972' 

982 

992 

#002 

*011' 

*021 



447 

65 031 

040 

050 

: 060 j 

070 

079 

089 

099 

108 

118 


' " 

448 

128 

137 

147 

1 I5T 

167' 

176 

186 

196 

205! 

215 



449 

225 

234 

244 

r254 

263 

273 

283 

292 

302 j 

312 



450 

321 

831 

341 

‘350 

3^ 


■379 

389 

398 

408 



N. 

L.0 

1 

2 

3' I 

' 4 

5 ! 

6 

7 

8 

9 

P 

.p. 
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Table— ( Coniinued)^ 


N. 

L.0 

1 

2 

3 

4 ■ 

5 

6 

7 1 

S 

9 

450 

65 321 

331 

341 

350 

360 

369 

5579 

389 i 

398 

408 

451 

418 

427 

437 

447 

456 

466 

475 

485; 

495 

504 

452 

514 

523 

533 

548 

552 

562 

571 

581! 

591 

600 

453 

610 

619 

629 

639 

648 

6.58 

667 

6771 

686 

696 

454 

706 

715 

725 

734 

744 

753 

763 

772; 

782 

792 

455 

801 

811 

820 

830 

839 

849 


8.58 

868! 

877 

887% 

456 

896 

906 

916 

925 

935 

944 

954 

9631 

973 

982 

45? 

992 

W1 


W20 

030 

^^039 

s(.)49 2 

0581*068 

077 

458 

56 087 

096 

106 

115 

124 

134 


!,43 

153; 

1621 

172 

459 

181 

191 

200 

210 

219 

229 

238 

247 

257 

266 

460 

276 

285 

295 

304 

314 

323 

332 

312 

351 

361 

461 

370 

380 

389 

398 

408 

417 


427 

436 

445 

455 

4452 

464 

474 

483 

492 

502 

511 


521 

530 

539 

.549 

463 

558 

567 

577 

5S6 

596 

605 


614 

624 

633 

642 

464 

652 

661 

671 

6.80 

689 

699 


708 

717 

727 

736 

465 

745 

755 

764 

773 

783 

792 


SOI 

811 

820 

829 

466 

839 

848 

857 

S67 

876 

8S5 


894 

904 

913 

922 

46? 

932 

941 

950 

960 

969 

978 


987 

997 

f006 

^015 

468 

57 025 

034 

043 

052 

0(52 

071 


oso 

089 

099 

108 

469 

117 

127 

136 

145 

154 

164 


173 

182 

191 

201 1 

410 

210 

219 

228 

237 

247 

256 


265 

'"‘>74 


293 

471 

302 

311 

321 

~330 


'1458 


S57 

lei 



472 

394 

403 

413 

422 

431 

440 


449 

459' 

468 

477 

473 

486 

495 

504 

514 

523 



541 


560 

569 

474 

578 

587 

596 

605 

614 

624 


633 

642 

651 

660 

478 

669 

679 

688 

697 

706 

7ir 


724 

733 

742 

752 

476 

761 

770 

779 

788 

797 

8Ci()l 

&15 

825 

834 

843 

. 477 

852 

861 

870 

879 

888! 

897 906 

916 

925 

934 

478 

943 1 

952 

961 

970 

9791 

9881 

997 

*006 

#015 

#024 

479 

68 034 

0431 

052 

061 

070 

079 

088 

097 

106 

U5 

480 

124 

133 

142 

151 

loo 

16‘ 


178 

187 

190 

205 

481 

215 

224 

233 

242 

251 

260 

269 

278 

287 

“1% 

482 

805 

314 

323 

832 

341 

350 

359 

368 

377 

386 

483 

895 

404 

413 

422 

431 

440 

445 

458 

467 

476 

484 

485 

494 

502 

511 

520 

529 

538 

547 

55r 

565 

485 

574 

583 

592 

601 

610 

619 

628 

637 

646 

655 

486 

664 

673 

681 

690 

699 

708 

717 

726 

785 

744 

487 

758 

762 

771 

780 

789 

797 

806 

815 

824 

833 

488 

842 

851 

860 

t 869 

878 

886 

895 

904 

913 

922 

489 

931 

940 

' 949 

1 958 

966 

975 

984 

993 

«002 

#011 

490 

69 020 

i 028 

i 037 

' 046 

i 056 

064 

073 

i 082 

'm 


491 

108 

; 117 

' l26 

i 135 

i 144 

152 

161 

: 170 

1 Tti 

i Tbh 

492 

197 

■ 205 

» 214 

t 223 

i 23£ 

241 

24£ 

1 258 

i 267 

f 276 

49S 

285 

• 294 

: 305 

! 311 

32( 

329 

33g 

i 346 

; S5i 

) 364 

494 


t 881 

. 39( 

> 39S 

1 40J 

M 41 

7 

42f 

i 434 

■ 44J 

i 452 

495 

461 

. 46S 

» 47J 

J 487 

' 49f 

504 

5r. 

5 522 

531 

1 539 

49C 

546 

! 557 

' 56( 

5 574 

t 585 

592 

60 

. • 605 

1 61i 

i 627 

49? 

63€ 

i 644 

t 65J 

i 66£ 

! 671 

679 

68^ 

5 697 

' 70i 

5 714 

m 

■■ 72S 

! 73S 

! ■74< 

) 74£ 

» 75f 

767 

77* 

> 78-1 

5 79! 

i 801 

49£ 

) 81( 

) 81£ 

1 82^ 

I 83( 

i 84i 

854 

86 

! 871 

i 881 

) 888 

500 


f 90« 

H 91' 

4 92l 

i 93! 

940 

94‘ 

) 95£ 

5 96( 

5 975 


L.O 

1 

]Z 

1 3 

4 

5 

6 

7 

8 

9 


P. P. 


1 1.0 
2 2.0 

3 3.0 

4 4.0 

5 5.0 

6 6.0 

7 7.0 

S 8.0 
9 9.0 


1 0.0 
2 I.S 
S 2.7 

4 3.S 

5 4.5 

7 i O.is 

8 i 7.2 

9 i S.l 


1 

2 

3 

4 

5 

6 

7 

8 
9 


B 

0.8 

1.6 

2.4 
3.2 
4.0 
4.8 
5.6 

6.4 


I 

I 


P. P, 
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Table— ( Continued). 


N. 

^.L.:o 

1/ 

■2' 

8 

■■'4 

" ^ 

6 

7 

8 

9 


SSO 

74 036 

044 

052 

060 

068 

076 

084 

092 

099 

107 

■ 


551 

, 115 

123 

131 

139 

“347 

'155 

162 

"170 

178 

186 



552 

194 

202 

210 

,218 

225 

233 

241 

249 

257 

265 



653 

273 

280 

288 

29(5 

304: 

312 

320 

827 

335 

843 



554 

351 

859 

367 

374 

382 

390 

398 

406 

414 

421 



655 

429 

437 

445 

453 

461 

468 

476 

484 

492 

500 



556 

507 

515 

523 

631 

539 

547 

554 

562 

570 

578 



657 

586 

593 

601 

609 

617 

624 

632 

640 

648 

656 



5S8 

(163 

671 

679 

687 

(595 

702 

710 

718 

726 

733 



559 

741 

749 

757 

764 

772 

780 

788 

796 

803 

811 



S80 

■ 819 

827 

S34 

842 

850 

858 

865 

873 

"881 

889 



561 

896 

1)04 

912 

920 

927 

935 

943 

950 

"958 

966 


8 

582 

974 

9hl 

989 

99T 

•^005 

^012 

^020 

#028 

V035 

#043 

1 

0.8 

663 

75 051 

059 

OOG 

074 

082 

089 

097 

105 

113 

120 

2 

1.6 

564 

128 

130 

143 

151 

159 

16(5 

174 

182 

189 

197 

3 

2.4 

66;) 

2i 5 

213 

220 

223 

2:;t, 

243 

251 

259 

266 

274 

4 

3.2 

566 

282 

2>9 


805 

312 

320 

328 

335 

343 

351 

5 

4.0 

567 

Sail 

3»;o 

374 

sai 

289 

397 

404 

412 

420 

427 

6 

4.8 

56S 

435 

44- 

4:o 

458 

465 

473 

481 

488 

496 

504 

7 

5.6 

569 

oil 

ri*,^ 

52fJ 

5:44 

542 

549 

557 

565 

572 

oSO 

8 

6.4 

570 

"587 

~595 

003 

olij 

Ills 

“(52(5 


641 

(548 

656 

9 

7.2 

571 

664 

671 

079 

080 

(itii 

*702 

709 


724 

“732 



572 

740 

747 


702 

770 

778 

785 

793 

800 

808 



573 

815 

823 

831 

8:43 

8 16 

S53 

861 

8(58 

876 

8S4 



674 

891 

899 

906 

914 

921 

929 

937 

944 

952 

959 



575 

967 

974 

982 

9S9 

997 

1V005 

#012 

#020 

#027 

#035 



676 

76 042 

050 

057 

0(55 

072 

080 

037 : 

095 

103 

110 



■ 577; 

118 

125' 

133 

140 

148 

155 

163 

170 

178 

185 



578: 

193 

200 

208 

215 

223 

230 

238 

245' 


260 



579 

268 

275 

288 

290 

298 

305 

:313 

320 

328 

S35 



580 

343 

350 


365 

Till 

Tso 

388 


403 

“410 



681 

418 

425 

4:13 

“440 

448 

455 

4(52 

“47(1 

”477 

495 


7 

682 

492 

500 

507 

515 

522 

530 

537 

545 

552 

559 

1 

0.7 

583 

567 

574 

582 

589 

597 

604 

612 

619 

626 

6:54 

2 

1.4 

584 

641 

649 

656 

664 

671 

67S 

686 

693 

701 

70S 

3 

2.1 

585 

716 

723 

730 

7;48 

745 

753 

760 

768 

775 

782' 

4 

2.8 

586 

790 

797 

805 

812 

819 

827 

834 

842 

849 

856 

5 

3.5 

687 

864 

871 

879 

88(5 

893 

901 

908 

916 

923 

930 

6 

4,2 

688 

938 

945 

953 

960 

967 

975 

982 

989 

997 

#004 

7 

4.9 

689 

77 012 

019 

026 

034 

041 

048 

056 

063 

070 

078 

8 

5.6 

590 

085 

093 

100 

“107 

"ns 

“m 

129 

137 

l4'4 

151 


6.3 

591 

159 

166 

~173 

181 

188 

195 

203 

210 

217 

225 



592 

232 

240 

247 

254 

262 

269 

276 

283 

291 

298 



693 

305 

313 

320 

827 

835 

342 

349 

357 

364 

371 



594 

379 

%86 

393 

401 

408 

415 

422 

430 

437 

444 



595 

452 

459 

466 

474 

481 

488 

495 

503 

510 

517 



596 

525 

532 

539 

546 

554 

561 

568 

576 

583 

590 



597 

597 

605 

612 

619 

627 

634 

641 

648 

656 

663 



698 

670 

677 

685 

692 

699 

706 

714 

721 

728 

735 



599 

743 

750 

757 

764 

772 

779 

786 

793 

801 

, 808 



aoo 

815 

822 

830 

887 

844 

851 

«59 

~m 

873 

880 



N.| 

L.O 

1 

2,„ 

.S:-" 

4 

5 

<> 

7 

8 

9 

1 


I; 

I, 
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Table— ( Continued). 


N, 

L.O 

1 

2 

3 

4 

5 

6 

7 

S 

9 

, " p. p. 

ilo 

77 S5 


~m 

"8^ 

844 

"S51 

859 

866 

873 

880 



601 

837 

893 

902 

909 

916 

924 

931 

938 

945 

952 



601! 

960 

967 

974 

981 

988 

996 

*003 

*010 

*017 

m)25 



603 

78 032 

039 

046 

053 

061 

068 

075 

082 

089 

097 



604 

104 

111 

im 

125 

132 

140 

147 

154 

161 

168 



605 

176 

183 

loir 

197 

204 

211 

219 

226 

233 

240 



606 

247 

254 

262 

269 

276 

283 

290 

297 

305 

312 


s 

607 

319 

326 

333 

340 

347 

355 

362 

369 

376 

383 

1 

0,8 

608 

390 

393 

405 

412 

.419 

426 

433 

440 

447 

455 

2 

1.6 

609 

462 

469 

476 

483 

490 

497 

504 

512 

519 

526 

3 

2.4 

S.2 

4,0 

4.8 

610 

533 

540 

547 

554 

561 

569 

576 

583 

590 

597 

5 

611 

604 

611 

618 

625 

633 

640 

647 

654 

661 

668 

6 

612 

675 

682 

689 

696 

704 

711 

718 

725 

732 

739 

7 

5.6 

613 

746 

753 

760 

767 

774 

781 

789 

796 

803 

810 

8 

6.4 

614 

817 

824 

831 

838 

845 

852 

859 

866 

873 

880 

9 

7.2 

615 

888 

895 

902 

909 

916 

923 

930 

937 

944 

951 


616 

958 

965 

972 

979 

93;; 

993 

*000 

*007 

*014 
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79 029 

036 

043 

050 

057 

064 

071 

078 

085 

092 



618 

099 

106 

113 

120 

127 

134 

141 

148 

155 

162 



619 

169 

176 

183 

190 

197 

204 

211 

218 

225 

232 



620 

239 

246 

253 

260 

267 

274 

281 

288 

295 

802 



621 

309 

316 

323 

330 

337 

344 

351 

358 

365 

372 


7 

622 

379 

386 

393 

400 

407 

414 

421 

428 

435 

442 

1 

0.7 

623 

449 

456 

463 

470 

477 

484 

491 

498 

505 

511 

2 

1.4 

624 

51S 

525 

532 

539 

546 

553 

560 

567 

574 

581 

3 

2.1 

625 

588 

595 

602 

609 

616 

623 

630 

637 

frl4 

650 

4 

2.8 

626 

657 

664 

671 

678 

685 

692 

699 

706 

713 

720 

5 

3.5 

627 

727 

734 

741 

748! 

754 

761 

768 

775 

782 

789 

6 

4.2 

628 

796 

803 

810! 

817 

824 

831 

837 

844 

851 

858 

7 

4,9 

629 

865 

872, 

8791 

886! 

893 
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913 

920 

927 

8 

9 

6.6 

6.8 

630 

934 

'941 
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969 
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'982 

“989 
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037 
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1 
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543 
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639 
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577 
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597 603 i 6(19 61 .1' 

62(( 625 

1 631 

1 636 642 

647 6 

:io 

788 

653 658 1 661 6691 

675 6RO 

I 686 i 

I 691 697 

702 7 

3.5 

789 

708 713j 710 724| 

730 735 

j 741 

i 746 752; 
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' ' TRIGONOMETRIC FUNCTiONS. 

DIRECTIONS FOR USING THE TABLE. 

The table giveni on pages 74-78 contains the natural sines^ 
cosines, tangeijts, and cotangents of angles from 0° to 90°. 
Angles less than 45° are given in the first column at the left- 
hand side of the page, and the names of the functions are 
given at the top of the page; angles greater than 45° appear 
at the right-hand side of the page, and the names of the func- 
tions are given at the bottom. Thus, the second column con- 
tains the sines of angles less than 45° and the cosines of angles 
greater than 45°; the sixth column contains the cotangents of 
angles less than 45° and the tangents of angles greater than 
45°. To find the function of an angle less than 45°, look in 
the column of angles at the left of the page for the angle, and 
at the top of the page for the name of the function; to find 
a function of an angle greater than 45°, look in the column 
at the right of the page for the angle and at the bottom of the 
page for the name of the function. The successive angles 
differ by an interval of 10'; they increase downwards in the 
left-hand column and upwards in the right-hand column. 
Thus, for angles less than 45° read down from top of page, and 
for angles greater than 45° read up from bottom of page. 

The third, fifth, seventh, and ninth columns, headed d, 
contain the differences between the successive functions; for 
example, in the second column we find that the sine of S2° 10' 
is .5324 and that the sine of 32° 20' is .5348; the difference is 
.5848 —.5324 = .0024, and the 24 is written in the third column, 
just opposite the space between .5324 and .5348. In like man- 
ner the diff'erences between the successive tabular values of 
the tangents are given in the fifth column, those between the 
cotangents in the seventh column, and those for the cosines 
in the ninth column. These differences in the functions cor- 
respond to a difference of 10' in the angle; thus, when the 
angle 32° 10' is increased by 10', that is, to 32° 20', the increase 
of the sine is .0024, or, as ^ven in the table, 24. It will be 
observed that in the tabular difference no attention is paid to 
decimal point, it being understood that the difference is 
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merely t'iie niimber obtained by subtracting the last two or 
tiiree figures of tlie smaller function irom those of tlielarger. 
These diflerenees are used to obtain the sines, cosines, etc. , 
of angles not given in tlie table; the metliod employed may 
be illustrated b}- an example. Required, the tangent of 
: 2-o'Mq Looldng in the table, we see that the tangent of 27*^ W 
is .52013, and (in column 5) the difference for ip' is 37. Differ- 
ence for 1' is 37 “ 10 == 3.7, and difference for 4' is 3.7 X 4 = 14.8. 
Adding this difference to the value of the tan 27° 30', we have 
tan 27° 30' - .5206 
difference’ for 4' = 14.S 

tan 27° 34' = .5220.8 or .5221, to four places. 

Since only four decimal places are retained, the S in the 
fifth place is dropped and the figure in the fourth place is 

increased by 1, because S is greater than 5. 

To avoid multiplication, the column of proportional parts, 
headed P. P., at the extreroe right of the page, is used. At 
the head of each table in this column is the difference for Iff, 
and below are the differences for any intermediate number 
of minutes from 1' to 9'. In the above example, the differ- 
ence for 10' was 37; looking in the table with 37 at the head, 
the difference opposite 4 is 14.8; that opposite 7 is 25.9; and so 
on. For want of space, the differences for the cotangents for 
angles less than 45° (or the tangents of angles greater than 
45°) have been omitted from the tables of proportional parts. 
The use of these functions should be avoided, if possible, 
since the differences change very rapidly, and the computa- 
tion is therefore likely to be inexact. The method to be 
employed when dealing with these functions may be shown 
by an example: Required, the tangent of 76° 34'. Since this 
angle is greater than 45°, we look for it in the column at the 
right, and read up; opposite the 76° 30', we find,^in sixth col- 
umn, therfiumber 4.1653, and corresponding to it in seventh 
column is the difference 540. Since 540 is the difference for 10'. 
the difference for 4'is 540X * = 216, Adding this difference: 
.tail 76° 30'= 4.1653^. ■ 
difference for 4' = 216 


tan 76° 34' = 4.1869 
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•When the angle contains a certain nomber of seconds, 
divide the nnmber by 6, and take the whole number nearest 
to the quotient; look out this number in the table of propor- 
tional parts (under the proper difference), and take out the 
number that is opposite to it. Shift the decimal point one 
place to the left, and then add it to the partial funetion 
already found. , 

Find the sine of 34° 26' 44". 

sine 34° 20' 
difference for G' 
difference for 44" 

sine 34° 26' 44" 


Difference for 10' — 24. 


i = 7b Look out in the P, P. 
table the number under 24 
and opposite 7. It is 16.8. 
Shifting the decimal point 
one place to the left, we get 
1.68, or, say, 1.7. 

The tangent is found in the same way as the sine. 

To find the cosine of an angle: 

As the angle increases, the value of the cosine decreases, 
so that, instead of adding the values corresponding lo & and 
44" to the function already found, we subtract them from it. 
Thus, find cos 34° 26' 44". 

cos 34° 20' = .8258 Difference for 10' = 17. 

difference for 6' 
difference for 44" 

total difference 


The number under the 17 and 
opposite the 7, in the P. P. 
table, is 11.9. Therefore, take 
1.19, or, say, 1 .2. 

Therefore, cos 34° 26' 44" = .8258- .0011 = .824°. 

Only four decimal places are kept; therefore, the figure of 
the difference following the decimal point is dropped before 
subtracting. 

The cotangent is found in the same manner. -r 

"We will now consider angles greater than 45°. 

Find the sine of 68° 47' 22". 

In obtaining the difference, it must be remembered to 
choose the one between the sine of 68° 40' and the next angle 
above it, namely, 68° 50'. 
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sine, 68° 40'' ■, 
diflerence for T 
diflerence for 19" 


.9315 

7 


Difference for Iff = 10. 


.4 


sine 68° 47' 22"= .9322 


= 3f , say 4. Under the 10 
and opposite the 4 is the 
niiiiiherl.O; shifting tlie deci- 
mal point, we get .4. 

A.S iisna-l, only four deeimal pla.ees are kjjpt. 

The tangent is found in the same nianner. 

Find cos 68° 47' 22". 

As before, the cosine decrease.^ as the angle increases; 
therefore, we subtract the successive sine values eorrespond- 
irig to the increineiits in the angle. 


cos 68° 4:0' = 
difference for T ~ 
.difference for 22" =■ 
total dilTerence = 


1S.9 

1.1 


Difference for 10' == 27. 

Under the 27 and opposite the 
4 is the immber 10.8; there- 
fore, tahe l.OS in this case, 
or, say, 1.1. 

Therefore, cos 6S° 47' 22" = .3638- .002 = .3618. 

The cotangent is found in the same way. 

In finding the fune.tions of an angle, the only difficulty 
likely to be encountered is to determine whether the dilTer- 
ence obtained from the table of proportional parts is to be 
added or subtracted. This can be told in every case by 
observing whether the function is increasing or decreasing as 
the angle increases. For example, take the angle 21°; its 
sine is .8584, and the following sines, reading downwards, 
are .3611, .3638, etc. It is plain, therefore, that the sine of 
say 21° 6' is greater than that of 21°, and that the difference 
for 6' must he added. On the other hand, the cosine of 21° 
is .9336, and the following cosines, reading downwards, are 
.9325, .9315, etc.; that is, as the angle grows larger the cosine 
decreases. The cosine of an angle between 21° and 21° 10^ 
say 21° must therefore lie between .9325 and .9315; that is, 
it must he smaller than ,9325, which shows that in this case 
the difference for 6' must be subtracted from the cosine of 21°. 

We will now consider the case in which the function, i. e., 
the sine, cosine, tangent, or cotangent, is given and the cor- 
responding angle is to be found- 
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Find the angle whose sine is .4943. The operation is 
Hrranged as follows: 


.4943 

Difference for 10' = 26. 

.4924 

= sin 29° 30'. 

1st remainder 19 

^ 18.2 

2d remainder .8 

= difference for 7', 


.78 = difference for .3' or 18'^ 

.4943 = sin 29° 37' 18". 

Looking down the second column, -we find the sine next 
Bmallcr than .4943 to be .4924, and the difference for 10' to 
be 26. The angle corresponding to .4924 is 29° 30'. Sub- 
tracting the .4924 from .4943, the first remainder is 19; looking 
in the table of proportional parts, the part next lower than 
this difference is 18.2, opposite which is 7'. Subtracting this 
difference from the remainder, we get .8, and, looking in the 
table, we see that 7.8 with its decimal point moved one place 
to the left is nearest to the second difference. This is the 
difference for .3' or 18". Hence, the angle is 29° 30' + 7 
4- 18 == 29° 37' 18". 

Find the angle whose tangent is .8824. 

.8824 Difference for 10' = 51. 

.8796 = tan 41° 20'. 

1st remainder 28 

25.5 — difference for 5'. 

2d remainder 2.5 

2.55 = difference for .5' or 30". 

.8824 = tan 41° 25' 30". 

In the two examples just given, the minutes and seconds 
corresponding to the 1st and 2d remainders are added to the 
angle taken from the table. Thus, in the first exaru^le, an 
inspection of the table shows that the angle increases as the 
sine increases; hence, the angle whose sine is .4943 must be 
greater than 29° 30', whose sine is .4924. For this reason the 
correction must be added to 29° 30'. The same reasoning 
applies to the second example. 
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Find the angle whose cosine is .7742. 

.7742 Difference for 10'' = IS. 

.7735 = cos 39° 20'. 

1st remainder 7 

5.4 ” difference for S'. 

2(1 remainder 1.6 * 

1.62 = difference for .ff or 54'T 

S9° 20' ““ 3' 54." = 89° 16' 6" 5 Avhicii is the angle %vliose 
cosine is .7742. 

Looking down the eighth column, headed cos, the next' 
smaUer cosi'ae is ,7735, to which corresponds the angle 
89° 20'. The differeiiee for 10' is IS. Subtracting, the remain- 
der 'is 7, and the next lower number in tiie table of propor- 
tional parts is 5.4, whicli is the difference for S'. Subtracting 
this from 1st remainder, 2d remainder is 1.6, which is nearest 
16.2 of table of 'proportional parts, if the decim,al point of the 
latter is moved to the left one place. Since 16.2 corresponds 
to a difference of 9', 1.62 corresponds to a difference of 
or 54". Hence, 'the correction for the angle 89° 20' is 3' 54". 
From the table, it appears that, as the cosine increases, the 
angle grows smaller; therefore, the angle whose cosine is .7742 
must be smaller than the angle %vhose cosine is .7735, and the 
correction for the angle must be subtracted. 

Find the angle whose cotangent is .98*17. 

.9847 Difference for 10' = 57. 

.9827 ^ cos 45° 30'. 

1st remainder 20 

17.1 == difference for 3'. 

2d remainder 2.9 

2.85 = difference for .5' or 30". 

. 45°3C4— 3'30" = 45° 26' 30", the angle whose cotangent 

is .9847. 

In finding the angle corresponding to a function, as in 
the above examples, the angles obtained may vary from the 
true angle hy 2 or 3 seconds; in order to obtain the number 
of seconds accurately, the functions should contain six or 
seven decimal places. 
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50 0.0009 j“ { 

0 o.ooos f i 
10 0.0:27 09 ( 

20 0,0756 29 ^ 
30 0.0785 oq ( 
40 O.OSU 7i t 
50 0.03-13 ( 


OU U.UOiJD ,,o ' 

40 0.0987 i 
50 0.1016 ( 

8 0 0.1045 i 

^ — «50 . 

10 0.1074 ii i 
20 0.1103 7 ( 

80 0.11:12 ( 

40 0.1161 ( 

50 0.1190 f “ ( 
7 0 0.171 9' ‘f ( 

10 0.1248 5! ( 

«,)ft ft 1 ‘)7« f 


40 0.1334 ( 

50 0.1363 " i 


10 0 . 1-121 ( 
20 O.U-19 ( 

80 0.1478 i7j < 
40 0.1507 i7) ( 
60 0.^536!* ( 

9 0 o.'iae'i ( 

Cos. Id. ' 


I 0,9998 „ 

, 81861 0 . 

47756 0.999 ( 0 ' 
isoS? 0.9997 X ; 

31262 0-99|j0 1 . 

79994 ] 
18898 0.9993 1 f 

r ;Sg0.99S9 I ; 
i 0.9988 : ] 

: ^'^-'“77986 

i ' So-W J 

1 819. 0.9983 2 'i 

^ 7451 0.99S1 1 ; 

^804 0.9980 2 i 
2 ^ 

67-10^'- 2 
K9tj8 0.99 ( ‘4 3 f 
45?7 0-9971 2 ^ 
0.9969 2 ^ 
4243 0.996 ( 3 i 

0,9962 

2 i: 

3265 0-9957 3 j 

|0'^ 0.9951 I 2 
0.9948 } 

8 

24p 0.9942 \ 5 
0.99:19 « 4 
dg 0.9936 4 3 
StJs 0.99:12 t 2 
“^Oi> 0.9929 1 

Jgog 0.9922 i 6 
me 0.9918 I 4 
Jig 0.991.4 3 3 
1600 0-9911 4 2 
•^*'00 0.9907 ^ 1 

^^^JoiTos ^ 

JJjI 0.9899 I 5 
Jqq? 0,9894 j 4 
S 0.9890 4 3 
ii fg 0.9886 I 2 
0.9881 ® 1 
^^'0 7987-7 ^ Q, 




0 f 

Sill. d. 

Tail. Id. 

1 Cot. i 

i ^0 

o.i.ioi 'J 

o.ir&4 1 


ISI 

o.'i.ms:; ’fj 

■ ~ :if, 

*MG14 . 

'iUOTO 

20 

0.1 };2-.: .77 

O.lClj .L 

O.O-l.l 

30 

0,1 *ji sO . 

o.iOTo 7,;; 


40 

o.ioTu ::n 

O.tTu:; .,,, 
o.it:',:; 

n.'^ios 

60 

.o.ii’os ,"7 

Tt'.O t 



p. p. 


M.iiTni. . |,;u 
. [ ‘ M.',»T| ’ |10 

' ^■'■‘ O-OTS],! I 0 73 

.V», O.UTO’V , W 

,-7- u ‘. ni ;;; .’ jso 

• t'.iiT.'iT ■:’ >20 


32 

I3f 

130 

S.2 

3.1 

j 3,0 

0.4 

0.2 i 

1 6.0 

9.0 

9.3 

: u.o 

12 8 

r2.J 

12.0 

lO.Oi 

1.5.5 

,15.0 


if'.fi.is.o 
‘.'2.1,21,7,21.0 
‘-’.'1.1, •.!!," 24.0 
28.8:27,01 2' 


| 27 _ 


ii.(),ii.2:it).8 

20.2 22.1,21 .0 
126,l! 25.2 124.3 


9; S 

1 'D.ll n.- 

2 li.Sll.ij 


1.5 


6 

1 lO.iiO.fi 

2 l,.lh.2 
2. I' 1.3 

i 2. 8 '2.1 
' 0.0 
|4.2':!.(1 
14.0; 4.2 
,').() 4.8 
I!.3;5.4 



' Sm . i < i ; 

i 

10 o.:ni8 .Vt 

£0 ( i .:{!45 ;.js 
so 0.151T3 i.,8 
.lOO.S'iOl 27 

19 ® 

10 0. S'>S 28 
VO o.r.:5i 1 .>7 
so o .:53:-58 27 


20 ® 0-3420 Oj 

iO O-IuTb” 27 0, 
VO 0.3t7"» '27 0, 
SO 0.3502 '27 0 
40 0.3529 0 

50 0 .3557 ^ 0 

21 ^ 0 -3584 II 0 
10 0.3011 27 ^ 
20 0.363S .»» 0 
30 0.3665 07 0 
40 0.3692 07 0 
50 0.3719 „„ 0 

22 0 0 ^';; } 
10 0.3773 07 (1 
20 0.3800 127 ^ 
30 0.3827 1«>7 « 
40 0.385-4107 ( 
50 0.8881 I C 

23 0 '.07 ^ 

10 0.3934 27 ^ 
20 0.3961 26 * 
30 0.3987 27 * 
40 0.4014 27 ' 
50 0.4041 ^ * 

24 0 I?.! ^ 

10 0.4094 r,g I 
20 0.4120 ' 

30 0.4147 ' 

* 40 0.4173 27 

50 0.-4200 

25 0 02216 ~ 

10 0.4253 og 
20 0.-4279 2r 
30 0.4305 2« 


30 0.4305 2fi 0 
40 0.4331 27 C 

J>S 0 0.4384 ( 

lol ().4410 2 g { 
20|0.4436 < 

SOlO.4462 ( 

40 0.4488 «« < 
50 0.4514 

27 0I6.4540 
[ Cos . d.l 


Cot . i _^ Cos . ± 

3.0777 0.93lt ^ 0 72 

3:0475 0^7 0.9502 10 50 
3.0178 291 9 ; 0 

2.9887 .2*g7 0.948o 9 30 
2.9600 2S1 9 

2.9319 0.9465 10 

2J642 0-9455 0 7I 

2.8770 oAs 0.9446 10 .50 

IS i^SS‘S» 

* -' •475 If 0^ 0 70 

J 2:^ 243 0-^387 10 50 

2.69S5 2S 10 40 

2.6746 rA 0.9367 n 30 
2.6511 232 0.9356 10 20 
2-6279 , ^ 10 

^05 ^ 11 Q 69 

i 2.5826 221 0-9325 k) 5® 

3 2.5603 219 0.9315 n 40 

I 2.5386 214 0.9S04 u 30 

0 2.5172 212 0.9293 jq 20 

^ 2.4960 0.9283 10 

* 25551 “ 0 ^ „ 0 68 

7 2.4545 203 0.9261 n 50 

1 2.4342 200 0.9250 n ^ 

t 2.4142 197 0.9239 n 30 

I 2.3945 195 0.9228 12 20 

I 2-3750 ,9, 0.9216 10 

2 ^ 0^05 0 67 

2.3369 186 0.9194 12 50 

.4 2.3183 185 0.9182 n 40 

>= 2.2998 181 0.9171 12 30 

14 2.2817 180 0.9159 12 20 

2.27137 0.9147 10 

Um 0 66 

It 2:^ Jit 0.9124 5J 50 
Jt 2.2113 0.9112 40 

2.1943 jAg 0.9100 j- 30 
5“ 2.1775 III 0.9088 J3 20 
^6 2.1609 0.9075 10 

XT445 0.9068 ]l 0 65 

2^2^ JfiO ^>51 J| 50 

tt 2.1123 III 0.9038 {j 40 

II 2.0965 0.9026 H 30 

ll 2.0809 0.9013 Jg 20 

2.0655 ::: 0.9001 10 

^ 2^ fl 0-8988 Z 0 64 

2.03.53 -J4Q 0.8975 |g 50 
lE 2.0204 ]:? 0.8962 Jg 40 
B 2.0057 ill 0,8949 {g 80 
1.9912 JS 0.8936 jg 20 
1.9768 ^ 0.8928 10 

u E®?!- 1?? 

d. Tan. a. I Sin. 4. ' ^ 


Ml.llO.S 10.5 

4 14.8 1 1-4.4 14,0 

5 IS.sllS.O 17.5 

6 22.2j21.6 21.0 

7 25.9 25.2 2-4.5 

8 29.6i28.8 28.0 

9 33.3i32.4l31.5 


34 33 3^ 

1 S.4 3.3 8.2 

2 6.8 6.6 6.4 

3 10.2 9.9 9.6 

4 13.6 13.2 12.8 

5 17.0 16.5 16.0 

6 20.4 19.8 19.2 

7 28.8 23.1 22.4 

8 27.2 26.4 25,6 

9 30.6 29.7 28.8 


28 27 26 

1 2.8 2.7 2.6 

2 6.6 5.4 5.2 

3 8.4 8.1 7.8 

4 11.2 10.8 10.4 

5 14.0 13.5 13,0 

6 16.8 16.2 15.6 

7 19.6 18.9 18.2 

8 22.4 21.6 20.8 

9 25.2124.3 28.4 

13 12 

1 1.3 1.2 

2 2.6 2.4 

3 8.9 3.6 

4 5.2 4.8 

5 6.5 6.0 

6 7.8 7.2 

7 9.1 8,4 

8 10.4 9.6 

9 11.7 10.8 


If 1019 

1 1,1 1.010.9 

2 2Ji 2,0 1.8 
8 TO 3.0 2.7 

4 4.4 4.0 3.6; 

5 5.5 5.0 4.5 

6 6.6 6.0 5.4 

7 7.7 7.0 6.3', 

8 8.8 8.0 ; 7.2 

9 9.99.O18.I 



21 

io o.'ioffl* 

20 0.4502 :o- 
30 0.4(517 .‘i: 
40 0.4(543 
50 0.4(560 

2s 0 o-icoo rf® ' 
100.47201:;;, 

20 0.475(5 o 
30 0.4772 r.r 
40 0.4707 r,; 

50 0.482S 1“. 

2S 

10 0.4&74 
20 0.4899 i;^ 
30 0.4924 
40 0.49SO !r,r, 
50 0.4975 !" 
311 ,0 0-5000 1!;! ' 
10 0.502.5 1 ' 
20 0..50,i0 !r,r, 
30 0..5075 :r,;, 
40 ' 0 . 5:00 Tr. 
50 0 .S'! 2. 5 '‘ll 

31 

100.517.5:,;, 

20 0,5200 
30 0.522," !:,5 
40 0.5250 :»5 
50 0.527T j„, 

32 0 0-5290 'og 
10 0.5324 04 
20 0.534S I -15 
30 0.5S73 1 25 
40 0.5398 24 
60 0.5422 

33 ^ 1 

10 0.5471 ii 
20 0.6495 
30 0.5519 
40 0.5544 r,i 
60 0.5568 * 

34 0 0-5592 

10 0.5616 il 
20 0.5640 0,1 
30 0.5664 t, 
40 0.6688 24 
50 0.5712 ^ 

35 0 * 

10 0.5760 
20 0.5783 24 
30 0.5807 
40 0.5831 go 
60 0.5854 

36 0 0.5878 


• 5?!?: i 1"^ * 

075095 1.9(1261“ 

. 0.5132 S 1.9486 : 


“63 

1,54 0.8.89(1 I*} t >0 

|o» 0.88841 1 7 40 
y> . 0.8.870' Jo 30 

isi 


0.54(47 ':>il., 8291; 


0.5.581 i|-jo 3.7917 
0.5619 •'HI l,779(j 
0..56.5SI3S 1.767,5 
0 . 5696 1 'jcj 1.7556 

o.5”^ir‘ 1.7437 

0.5,8r2':.5q 3.720,:. 
0.5S5r'-.]n 1.7090! 
{1.5890 40 1.0977 i 
il.olKit) .,() 1.(5804 1 
0.5909 U.C7,‘.3, 


O.C04S'4o 1.0534 
O.6O3SI40 1.6426 
O. 6 I 2 SI 40 1.6319 
0.61GS'4o 
0.62031^^^ 1,(8107 
0.6249 1'j^ 1.6003 
0.62,89' 41 L5900 
0.6330 ., 11 1.579S 
0.6371! 41 1.5697 
0.6412; 41 1.5597 
0,64.53! „ 1.5497 


0.6536 1,5301 

0.6577!;.; 1.5204 
0 . 661914.2 1.5108 


O. 67 I 5 1.4826 

,-'42 

0.6787! n 1.47.33 
0.6830 1.4641 


l-Tj 0.8732 44 50 I 

121 0.871,81 14 40 I 

|]<) 0.87041 ] 30 I 

119 0.8ti89; 1 ; 20 

0.S(>7,‘- 10 

;,oi-“?!i; “6o| 

115 0 ., 8646! 15 (jO 5 

11:1 0.8631! 15 -10 5 

Jo.soioj 1:^.0 

111 (}.3fi0l!i4 20 
log 0.,8;»| I5lr.0 ’ 

lOT 16 '10 I 

107 0.3d2(> 15 2.0 I 

105 0-35H 35 20 p 

101 1C “ 

10 a 2^22 ic “5S 

102 0.8-46.5 15 nO 

101 <^-S4.lO 10 40 

100 O.S434 10 30 

100 0.8418 15 20 

98 16 

^ 0.8387 0 57 

0.8371 il 50 

fS 0..S35", {f. 40 

Jr 0.8339 " 30 

Z 0.8323 J 20 

0.8307 ” 10 
0.8290 0 56 

± 0.8274 7 . 50 
m 0.8258 40 

XA 0.82-41 30 

on 0.822“ 20 

_ 0.8208 ' 10 
0.8192 0 55 


O.YlSSi;! 1.4019 
0.7177I44 1.3934 
0.7221 1,8848 

0.7265!^^ 1.3764 


44143 42 : 

1 4.4 4.3 4.2 

2 8 . 8 ; 8.6 8.4 

S 13.2 12.9 12.6 
•t n.6'17.2 16.8 

5 22.0 21.5 21.0 

6 26.4 25.8 25.2 

7 30..8'30.l 29.4 
S 35.2 34.4 ,33.6 
9 39.6 38.7,37.8 

41 i40:39 ■ 

% 4.1 1 4.0i .3.9 

2 8.2| 8.0| 7.S 

3 12 3.12 0,11 7 

4 It .1 K. (n.l 6 

5 20..">|20 (5 19 .5 

6 24 6 2 4 0 2,1 -4 

7 28.7 2’- 0 27 .j 

8 3- 8 32 o 31 2 

9 36.9,360 35 1 

38 I 37 


3 ; 11 .-4! I'Ll 

4 1 15.2 1 M .8 

5 1 19.0: 13.5 

6 '22 S 22.2 

7 ‘26 6 '25 9 
b 30. ■5,2*0 6 
9 i 34.2! ‘.13.3 

26 i25i24 

1 I 2.01 2.5: 2 


4 1 . 0 12 .1 1 1 

6 15 6 l»o !t J. 

7 18.2 !7.3ll6,8 

8 20 8 20 0 

9 *23.412*2.5 i2i.6 ' 

231 !7 1 «6 


0.8107 1 


2 4.6 3.4 3.2 

3 6.9 5.1 4.S 

4 9.2 6.8 6,4 

5 11.5 8.5 8.0 

6 13.8 10.2 9.6 

7 16.111.9 11.2 

8 18.4 13.6 1*2.8 

9 20.7 15.3114.4 

IS 14 13 

1 1.5 1.4 1.3 

2 8.0 2.8 2.6 

3 4.5 4.2 3.9 

4 6.0 5.6 5.2 

5 7.5 7.0 6.5 

6 9.0 8.4 7.8 

7 10.5 9,8 9.1 

8 12.0 11.2 10.4 

9 13.5 12.6 11.7 


I Got. ld.!Tan.l d. i Sin. Id.i 



58i57 56i55 

1 I 5.S 5.7 5.(‘> 6.5 

2 11.6 11.4 11.2 11.0 

3 ;17.4 17.1 16.8116.5 
'4'. 123.2 22.8 22,4122.0 
5 '20.0 28..6 2S.0 27,5 
G '34.8 34.2 SH.GiGll.O 

7 IJO.G 30.9 30.2 lib.rl 

8 14G.4 4r).0| 44,8 '44.0 
y ;o2.2 51.3150.4,40.5 

54 53152! 51 

1 i 5.4 5.31 5-2' 5*1 

2 ,10.8 lO.G 10.4 10.2 

3 ,lG.2'l5.y,1.5.G !5.3 

4 21.0:21.220.8,20,4 

5 .27.0'2(;.5'2G.0 25.5 
0 '32.4131.8,31.2 30,6 
7 37.8137.1 30.4135.7 
S |43.2;42.4 41.0 40.8 
y 148.6147.7 l46.8i45.9 

50149148 

1 1 5.0 ,4.9 ,'4.8 :', : 

2 ilO.O 9.8 9.6 

3 '15.0, 14.7 '14.4 

4 ;2o.o;io.o'i9.a 

.5 !25.0j24.5 24.0 

0 ',:’.o.o;2y.4'2S.s 
7 35.0 34,3 33.6 

5 i40.0 39.2 38.4 
9 145.0,44.1,43.2 

47 I 46 i45 

1 I 4.7 4,01 4.5 

2 9.4 9.2 9,0 

S Il4.i:i3,8'13.» 

4 IS.S 18.4'18.0' 

5 >23.5 23.0 22.5 

6 i 28.2, 27.0 27.0 

7 32 . 9 ; 32. 2 '31 .5 

8 !37.6l86.S'36.0' 

9 l42.3;41.4;40.5 
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PRIME NUMBERS, 


-Every prime number is an odd number and lias for its unit 
djrure 1, S, 7, or 9; any odd number that has 5 for its unit fig- 
ure is di.visible by 5, and is not a prime numbey. The prime 
factors of any number less than 1,000 may be found from the 
following table. If the number is odd and does not end with 
5, tbe factors are given directly; thus, the pfime factors of 
357 are 3, 7, and 17; those of 931 are 7, 7, and 19, the exponent 
2 of the 7 indicating that 7 is used twice as a fiictor. If a 
niiniber is a prime number, the space beside it is blank; thus, 
317 and 859 are prime numbers. To find the prime factors of 
an odd number that has 5 for the unit figure, divide by 5 
until a quotient is obtained which does not have 5 for a unit 
iigure; the factors of this quotient are then found from the 
table, and with the 5’s already used as divisors constitute 
the prime factors. For example, to find the prime factors of 
5,775 proceed as follows: 5,775 «4- 5 = 1,155; 1,155 5 = 231; 

from the table, 231 = 3 X 7 X 11; hence, 5,775 == 3 X 5 X 5 X 
7 X 11. If the number is even, divide it by 2, the quotient by 
2, and so on until an odd quotient is reached; then find the 
prime factors of the quotient from the table. The process of 
finding the prime factors of 936 is as follows: 

986 ^ 2 * 468; 468 ~ 2 = 234; 234 2 =* 117; 117 = 32 X 13, 

from table. Hence, 936 = 2« X 3^ X 13 = 2 X 2 X 2 X 3 X 3 X 13. 


FACTORS OF 3.14.16. 

Not Regarding Decimal Point, 3.1416 = 


2 X 15708 

! 22 X 1428 

68 X 462 

3 X 10472 

24 X 1309 

77X 408 

4 X 7854 

28 X 1122 

84 X 374 

6 X 5236 

33 X 952 

88 X 357 

7X 4^133 

34 X 924 

102 X 308 

8>* 3927 

42 X 748 

119 X 264 

11 X 2856 

44 X 714 

132 X 238 

12 X 2618 

51 X 616 

136 X 231 

14 X 2244 

56 X 561 

154 X 204 

17 X 1^18 

21 X 1496 

66X476 

168 X 187 
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USEFUL TABLES, 


PRIME FACTORS. . 

I*RiME Factors of All Odd Numbers From 1 to l,CXK) 
That Are Not Divisible by 5. 


1 


101 


201 

3*67 

301 

7*13 

401 




10^ 


203 

7*29 

303 

3*101 

•103 

13-31 

7 


107 


207 

3“ *23 

307 


407 

11-37 

9 

32 

109 


209 

11*19 

309 

3*103 

409 


11 


111 

3 '37 

211 


311 


411 

8 '137 



113 


213 

3*71 

313 


413 

7-59 

17 


117 

32*13 

217 

7*31 

317 


■417 

3-139 

19 


119 

7.17 

219 

3*73 

319 

11*29 

419 


•21 

3'7 

121 

112 

221 

13*17 

321 

3-107 

4-21 


2:i 


123 

3*41 

223 


323 

17*19 

423 

32*~i7 

•27 

33 

127 


227 


327 

3*109 

4-27 

7*61 

29 


129 

3'43 

229 


329 

7*47 

429 

3-11*13 

31 


131 


231 

3*7*11 

331 


431 


33 

3-11 

133 

7*19 

233 


333 

32*37 

433 


37 


137 


237 

3*79 

337 


437 

19*23 

39 

3-13 

139 


239 


339 

3*113 

439 


41 


141 

8*47 

241 


3-11 

11*31 

441 

32*72 

43 


143 

11*13 

243 

35 

343 

7:j 

443 


47 


147 

3*72 

247 

13-19 

347 


U 7 

3*149 

49 

7^ 

149 


249 

3-83 

349 


449 


61 

3-17 

151 


251 


351 

33*13 

45l 

11*41 

53 


153 

32*17 

253 

11*23 

353 


453 

3*151 

57 

319 , 

157 


257 


357 

S-7-17 

457 


59 i 


159 

3*53 

259 

7*37 

359 


459 

33*17 

61 ; 


161 

7*23 i 

261 

32*29 

361 

192 

461 


63 

32 *7 1 

163 


263 


363 

3*112 

463 


67 ' 


167 


267 

3*89 

3G7 


4671 


€9 

3*23 

169 

132 

269 


369 

32*41 

469 

7-67 

71 


171 

82*19 

271 


371 

7*53 

4711 

3*157 

73 


173 


273 

3-7*13 

373 


4731 

11-43 

77 

711 

177 

3*59 

277 


377 

13*29 

477 

'32-63 

79 


179 


279 

32*31 

379 


479 


81 

34 

181 


281 


381 

3*127 

481 

13-37 

S3 


183, 

3*61 

283 


883 


483 

3-7-23 

87 

3-29 

187 

11*17 

287 

7*41 

387 

32*43 

487 


89 


189 

33.7 

289 

172 

389 


489 

3*163 

91 

713 

191 


291 

3*97 

391 

17*23 

491 

93 

, 3*31 

193 


293 


393 

8*131 

493 

17*29 

97 


197 


297 

33*11 

397 


497 

■ ' 7*71 

99 

: 3211 

199 


299 

13*23 

399 

3*7*19 

499 
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Pbime Factoes of All Obb Nxjmeeks Peom 1 to l.OiX} 
That Aee Not Divisible by 5. 


( Continued). 


801 3^?•89 901 17*5S 

803 11*73 903 3 *7 *43 

807 3*269 907 

809 909 32*101 

811 911 

813 3*271 913 11*83 

817 19*43 917 7*131 

819 32*7*13 919 

821 921 3*307 

823 923 13*71 

827 927 3- *103 

829 9*^9 

831 3*277 931 72*19 

833 72*17 933 3*311 

837 33*31 937 

839 939 3*313 

841 292 941 

843 3*281 943 23*41 

847 7*112 947 

849 3*283 949 13*73 

851 23*37 951 3*317 

853 953 

857 957 3*11*29 

859 959 7*137 

861 3*7*41 961 312 

863 963 32*107 

867 3*172 967 

869 11*79 969 3*17*19 

871 13*67 971 

873 32*97 973 7*139 

•877 977 

879 3*293 979 11*89 

881 981 32*109 

883 983 

887 987 3*7*47 

889 7*127 989 23*43 

891 3^ 991 

893 19*47 993 3*331 

897 3*13*23 997 

899 29*31 999 33*37 


3*167 601 701 

603 32*67 703 

3*132 607 707 

609 3*7*29 709 

7*73 611 13*47 711 

33*19 613 713 

11*47 617 717 

3*173 619 719 

621 33*23 721 

623 7*89 723 

17*31 627 3*11*19 727 

232 629 17*37 729 

32-59 631 731 

13*41 633 3*211 733 

3*179 637 72*13 737 

72*11 639 32*71 739 

641 741 

3T81 643 743 

647 747 

32*61 649 11*59 749 

19*29 651 3*7*31 751 

7*79 653 753 

657 32*73 757 

13*43 659 759 

3*11*17 661 761 

663 3*13*17 763 
34.7 667 23*29 767 

669 3*223 769 

671 11*61 771 

3*191 673 773 

677 777 

3*193 679 7.97 779 

7*83 681 3*227 781 

11*53 683 783 

687 3*229 787 

19;31 689 13-53 789 

3*B7 691 791 

693 32*7*11 793 
3*199 697 17*41 797 

699 3*233 799 


11*67 


3*13*19 


3*257 


3*7*37 

19*41 

11*71 

33*29 


USEFUL TABLES. 


S2 


CIRCUMFERENCES AND AREAS OF 
CIRCLES FROM 1-64 TO 100. 


Diam. 

Circum. 

Area. 

Diani. 

Cii'cuui. 

Area. 

A 

.0191 

.0002 

4% 

13.7445 

15.0330 

1 

.0982 

.0008 

4 % 

14.1372 

15.9043 


.1963 

.0031 


14.5299 

16.8002 


.3927 

.0123 


14.9226 

17.720G 

'X 

.5890 

.0276 

m 

15.3153 

18.6555 


.7854 

.0491 

5 

15.7080 

19,6350 


.9817 

.0767 


16.1007 

20.621X) 


1.1781 

.1104 

5M 

16.4934 

21.6476 

ir 

1.3744 

.1503 


16.8861 

22.6907 

po 

1.570S 

.1963 

5^ 

17.2788 

23. / 583 


1.7671 

.2485 


17.6715 

24.S505 

ll 

1.9635 

.3068 


1S.0G42 

25.9673 

C-i 

2.1598 

.3712 


18.4569 

27.1086 


2.3562 

.4418 

6 

18.8496 

28.2744 

ft 

2.5525 

.5185 

6M 

19.2423 

29.4648 


2.7489 

,6013 

6% 

19.6350 

30.6797 

15 

2.9452 

.6903 


20.0277 

31.9191 


3.1416 

.7854 

6j| 

20.4204 

S3.1S31 


3.5343 

.9940 


20.8131 

34.4717 


3.9270 

1.2272 

6% 

21.2058 

35.7848 

1% 

4.3197 

1.4849 

^/8 

21.5985 

37.1224 

Hi 

4.7124 

1.7671 

7 

21.9912 

38.4846 


5.1051 

2.0739 


22.3839 

39.8713 

m 

5.4978 

2.4053 

m 

22.7766 

41.2826 

ij! 

5.8905 

2.7612 

Ws 

23.1693 

42.7184 

2 

6.2832 

3.1416 


23.5620 

44.1787 

2^'/' 

6.6759 

3.5466 


23.9547 

45.6636 

^ ' 

7.0686 

3.9761 ! 

m 

24.3474 

47.1731 


7.4613 

4.4301 


24.7401 

48.7071 


7.8540 

4.9087 

8 

25.1328 

60.2656 

2'>| 

8.2467 

5.4119 


25.5255 . 

51.8-187 


8.6894 

5.9396 1 

ii 

25.9182 

53.4563 

2j| 

9.0321 

6.4918 i 

26.3109 

65.0884 

3 

9.4248 

7.0686 i 


26,7036 ■ 

56.7451 


9.8175 

7.6699 i 

27.0963 

^ 58.4264 


10.2102 

8.2958 i 


27.4890 , 

60.1322 


10.6029 

8.9462 

m 

27.8817 , 

61.8625 

^14 

10.9956 

9.6211 

9 

28.2744 i 

63.6174 


11.3883, 

10.3206 ! 


28.6671 

65.3968 


11.7810 

11.0447 ! 

9K 

29.0598 

67.2008 

3^ 

12.1737 

11.7933 i 

9^ 

29.4525 

69.0293 

4 

12.5664 

12.5664 1 


29.8452 

70.8823 

4K 

12.9591 

13.3641 1 


30.2379 

72.7599 

4M 

13.3518 

14.1863 1 

^ 1 

30,6306 

, 74,6621 
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USEFUL TABLES. 
Table— -( Continued). 


Diam. Circum. Area. 


mi 

mi 

4534 

i 


Liam. Circum. 


1S9.408 

139.801 

140.194 

140.fe7 

140.979 

141.372 

141.765 

142.157 

142.550 

142.943 

143.335 

143.72S 

144.121 

144.514 

144.906 

145.299 

145.692 

146.084 

146.477 

146.870 

147.262 

147.655 

148.048 

148.441 

148.833 

149.226 

149.619 

150.011 

150.404 

150.797 

151.189 

151.582 


1.546.56 
1,555.29 

1.564.04 
1,572.81 
1,581.61 
1,590.43 
1,599.28 
1,608.16 

1.617.05 
1,625.97 
1,634.92 

1.643.89 

1.652.89 
1,661.91 

1.670.95 
1,680.02 
1,689.11 
1,698.23 
1,707.37 
1,716.54 

1.725.73 

1.734.95 
1,744.19 

1.753.45 

1.762.74 

1.772.06 
1,781.40 
1,790.76 
1,800.15 

1.809.56 
1,819.00 

1.828.46 


157.473 

157.865 

158.258 

158.651 

159.043 

159.436 

159.829 

160.222 

160.614 

161.007 

161.400 

161.792- 

162.1S5 

162.578 

162.970 

163.363 

163.756 

164.149 

164.541 

164.934 

165.327 

165.719 

166.112 

166.505 

166.897 

167.290 

167.683 

168.076 

168.468 

168.861 

169.254 

109.646 

170.039 

170.432 

170.824 

171.217 


Area. 


1.973.33 

1 .983.18 

1.993.00 

2.002.97 
2,012.89 

2.022.85 

2.032.82 

2.012.83 

2.052.85 

2.062.00 

2.072.98 

2.083.08 
2,093.20 
2,103.35 

2.113.52 
2,123.72 
2,133.94 

2.144.19 
2,154.46 
2,164.76 

2.175.08 
2,185.42 
2,195.79 

2.206.19 
2,216.61 
2,227.05 

2.237.52 
2,248.01 

2.258.53 
2,269.07 
2,279.64 
2,290.23 

2.300.84 
2,311.48 
2,322.15 
2,332.83 
2,343.55 
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Table--( Continued). 


Diam, 

Circuin. 

Area. 

Diam. 

Cireum. 

Area. 

55% 

175.537 

2,452.03 

61% 

193.601 

2,982.67 

56 

175.930 

2,463.01 

61% 

193.994 

2,994.78 

5 (;% 

176.322 

2,474.02 

61% 

19i:.386 

3,006.92 

56 

176.715 

2,485.05 

62 

194.779 

3,019.08 


177.108 

2,496.11 

62% 

195.172 

3,031.26 

56% 

177.500 ■ 

2,507.19 

62% 

195,565 

3,043.47 

56% 

177.893 

2,518.30 

62% 

195.957 

3,055.71 

56%. 

178.286 

2,529.43 

62% 

196.350 

3,067.97 . 

56% 

178.678 

2,54.0.58 

62% 

196.743 

3,080.25 

57 

179.071 

2,551.76 

62% 

197.135 

3,092.56 

57% 

179.464 

2,562.97 

62% 

197.528 

3,104.89 

57% 

L79.857 

2,574.20 

63 

197.921 

3.117.25 

5>“'’ s 

LS0.249 

2,585.45 

63% 

198.313 

3,129.64 

57*.. 

180,642 

2.596.73 

63% 

198.706 

3,142.04 

57'^ ^ 

181.035 

2,608.03 

(iP4 

199.099 

3,154.47 

57% 

181.427 

2,619.36 

63}^ 

199.492 

3.166.93 

57% 

1SLS20 

2,630.71 

63% 

199.884 

3,179.41 

58 

182.213 

2,642.09 


200.277 

3,191.91 

583 '^ 

182.605 

2,653.49 

63‘| 

200.670 

3,204.44 

5834 

182.998 

2,604.91 

64 

201.062 

3,217.00 

58% ! 

1S3.391 

2.676.36 

6-4l< 

201.455 

3,229.58 

583^ 

183.784 

2,687.84 

64% 

201.848 

3.242.18 

68% 

184.176 

2,699.33 


202.240 

3,254.81 

58% 

184.569 ! 

2,710.86 

64% 

202.633 

3.267.46 

58% 

184.962 

2,722.41 

64% 

203.026 

3,280.14 

59 

185.354 

2,733.98 

64% 

203.419 

3,292.84 

593^ 

185.747 

2,745.57 

64% 

203.811 

3,305.56 

59% 

186.140 

2,757.20 

65 

204.204 

3,318.31 

69% 

186.532 

2,768.84 

65% 

204.597 

3,331.09 

59% 

186.925 

2,780.51 

65% 

204.989 

8,343.89 

59% 

187.318 

2,792.21 


205.382 

3,356.71 

59% , 

187.711 

2,808.93 

65% 

205.775 

3,369.56 

59% 

188.103 

■ 2,815.67 

65% 

206.167 

3:382.44 

60 

188.496 

2,827.44 

65% 

206.560 

8,395.33 

6034 

188.889 

2,839.23 

65% 

206.953 

3,408.26 

■ 6034 

189.281 

2,851.05 

66 

207.346 

3,421.20 

60% 

189.674 

2,862.89 

66% 

207.738 

3,434.17 

6034 

190.067 

2,874.76 

66% 

208.131 

3,447.17 

60% % 

190.459 

2,886.65 

66% 

20S.524 

3,460,19 

60^4 

190.852 

2,898.57 

66% 

208.916 

3,473.24 

OO/'g 

191.i245 

2,910.51 

66% 

209.309 

3,486.30 

61 

191.638 

2,922.47 

&4i 

209.702 

3,499.40 

61% 

192.030 

2,934.46 

66% 

210.094 

3,512.52 

61% 

192.423 

2,946.48 

67 

210.487 

3^525.66 

61% 

192.816 

2,958.52 

67% 

. 210.880 

3,538.83 

61^1 

1 193.208 

1 2,970.58 

67% 

211.273 

3,552.02 




USEFUL TABLES. 



Table — {Continued). 


Liam. 


Liam, j 

CircTim. 

Area. 

Liam. 

1 

1 

Circnm. 

Area. 


211.665 

3,565.24 

! 73% 

, 229.729 1 

4,199.74 

67^1 , 

212.058 

, 3,578.48 

1 73% 

230.122 1 

■ 4,214.11 


212.4^1 

3,591.74 

73% 

230.515 

4,228.51 

67% 1 

212.843 

, 3,605.04 

73% 

230.908 ! 

4,242.93 

67j| 

213.236 

i 3,618.35 

73% 

231.300 i 

4,257.37 

68 

213.629 

3,631.69 

73% 

231.693 i 

4,271.84 

68% 

214.021 

1 3,645.05 


232.086 

4,286.33 

683I 

214.414 

i 3,658.44 

74 

232.478 , 

4,300.85 

68% 

214.807 

! 3,671.86 

74% 

232.871 

4,315.39 

68il 

. 215.200 

1 3,685.29 

74% 

233.264 i 

4,329.96 

63% 

215.592 

' 3,698.76 

74% 

233.656 

4,344.55 

6S5l 


3,712.24 

74% 

234.049 

4,359.17 


216.378 

3,725.75 

74% 

234.442 

4,373.81 

69^ 

216.770 

1 3,739.29 


234.835 

4,388.47 

69% 

217.163 

1 3,752.85 

74% 

235.227 

4,403.16 

69^ 

217.556 

3,766.43 

75 

235.620 

4,417.87 

69% 

217.948 

, 3,780.04 

75% 

236.013 

4,432.61 

69% 

218.341 

' 8,793.68 

75% 

236.405 

4,447.33 

69^ 

218.734 

, 3,807.34 

75% 

236.798 

4,462.16 

69% 

219.127 

' 3,821.02 

75% 

237.191 

4,476.98 

69% 

219.519 

1 3,834.73 


237.583 

4,491.81 

70 ® 

219.912 

! 3,848.46 

75% 

237.976 

4,506.67 

70% 

220.305 

3,862.22 

75% 

238.369 

4,521.56 

70% 

220.697 

3,876.00 

■ 76 

238.762 

4,536.47 

70% 

221.090 

3,889.80 

76% 

239.154 

4,551.41 

70% 

221.483 

3,903.63 

76% 

239.547 

4,566.36 

70% 

221.875 

3,917.49 

76% 

239.940 i 

4,581.35 

70% 

222.268 ; 

3,931.37 

76% 

240.332 1 

4,596.36 

70j| 

222.661 ; 

3,945.27 

76% 

240.725 1 

4,611.39 

71 

223.054 

3,959.20 

76% 

241.118 ' 

4,626.45 

71% 

223.446 1 

3,973.15 

76% 

241.510 1 

4,641.53 

71% 

223.839 ' 

3,987.13 

77 

241.903 

4,656.64 

71% 

224.232 , 

4,001.13 

77% 

242.296 : 

4,671.77 

71% 

224.624 ' 

4,015.16 

77% 

242.689 

4,686.92 

71% 

225.017 ' 

4,029.21 

77% 

243.081 

4,702.10 

71% 

225.410 

4,043.29 

77/2 

243.474 

4,717.31 

71% 

225.802 , 

4,057.39 

77% 

243.867 

4,732.54 

72 

226.195 

4,071.51 

77% 

244.259 

4,747.79 

72% 

226.588 

4,085.66 

77% 

244.652 , 

«*‘4, 763.07 

72% 

226.981 

4,099.84 

78 

245.045 1 

4,778.37 

72% 

227.373 

4,114.04 

78% 

245.437 ^ 

4,793.70 

72% 

227.766 

4,128.26 

78% 

245.830 

4,809.05 

72% 

228.159 

4,142.51 

78% 

246.223 

4,824.43 

72% 

228.551 

4,156.78 

78% 

246.616 , 

4,839.83 

72% 

f»28.944 

4,171.08 

78% 

247.008 ' 

4,855.26 

73 

229.337 

4,185.40 

78% 

247.401 

4,870.71 
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Table— •( Continued). 


Circum. 

Area. 

Liam. 

Circum. 

Area. 

247.794' 

4,886.18 

84^ 

265.858 

5,624.56 

248.186 

4,901.68 

84% 

266.251 

5,641.18 

248.579 

4,917.21 

84% 

260.643 

5,657.84 

248,972 

4,932.75 

85 

267.036 

5,674.51 

249.364 

4,948.33 

85% 

267.429 

5,691.22 

249.757 

4,963.92 

85l| 

267.821 

5,707.94 

250.150 

4,979.55 

85% 

268.214 

5,724.69 

250.543 

4,995.19 

85% 

268.607 

5,741.47 

250.935 

5,010.86 

85% 

268.999 

5,758.27 

251.328 

5,026.56 

85% 

269.392 

5,775.10 

251.721 

5,042.28 

85% 

269.785 

5,791,94 

252.113 

5,058.03 

86 

270.178 

5,808.82 

252.506 

5,073.79 

86% 

270.570 

5,825.72 

252.899 

5,089.59 

86% 

270.963 

5,842.64 

253.291 

5,105.41 

86% 

271.356 

5,859.50 

253.684 

5,121.25 

86k 

271.748 

5,876.56- 

254.077 

5,137.12 

86% 

272.141 . 

5,893.55 

254.470 

' 5,153.01 

86% 

272.534 

5,910.58 

254.862 

i 5,168.93 

86% 

272.926 

5,927.62 

255.255 

5,184.87 

87 

273.319 

5,944.69 

255.648 

5,200.83 

87% 

273.712 

5,961.79 

256.040 

5,216.82 

87% 

274.105 

5,978.91 

256.433 

5,282.84 

87|^ 

274.497 

5,996,05 

256.826 

6,248.88 


274.890 

6,013.22 

257.218 

5,264.94 

8^1 

275.283 

6,030-41 

257.611 

5,281.03 

87% 

275.675 

6,047.65 

258.004 

5,297.14 

87% 

276.068 

6,064.87 

258.397 

5,313.28 

88 

276.461 

6,082.14 

258.789 

5,329.44 

88% 

276.853 

6,099.43 

259.182 

5,345.63 

88% 

277.246 i 

6,116.74 

259.575 

5,361.84 

88% 

277.629 1 

6,134.08 

259.967 

5,378.08 

88% 

278.032 

6,151.45 

260.360 

5,394.34 

88% 

278.424 

6,168.84 

260.753 

5,410.62 

88% 

278.817 

6,186.25 

261.145 

5,426.93 

88% 

279.210 

6,203.69 

261.538 

5,443.26 

89 

279.602 

6,221.15 

261.931 

5,459.62 

89% 

279.995 

6,238.64 

262.324 

5,476.01 

89% 

280.888 

6,256.15 

262.716 

■5,492.41 

89% 

280.780 

6,273.69 

263.109 

5,508.84 

89% 

281.173 

6,291.25 

263.502 

5,525.30 

. 89% 

281.566 

6,308.84 

263.894 

5,541.78 

89% 

281.959 

6.326,45 

' '264.287'": 

5,558.29 

89% 

282.351 

6,344.08 

264.680 

5,574.82 

90 

282.744 

6,361.74 

265.072 

5,591.37 

90% 

283.137 

6,379.42 

265.465 

5,607.95 

90% 

283.529 

6,397.13 


m 
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Table-— (C ontinued). 


Diam. | 

Circum. 

Area. 

Diam. 

Circum. 

Area. , 

90^.^ 

283.922 

6,414.86 

95% 

299.237 

7,125.59 


284.315 

6,482.62 

95% 

299.630 

7,144.31' 

9U'"’ ^ 

284.707 

6,450.40 

95% 

300.023 

7,163.04 

9U>8 

91 

285.100 

. 6,468.21 

95% 

300.415 

7,181.81 

285.493 

6,486.04 


300,808 

7,200.60 

285.88G 

6,503.90 

95% 

301.201 

7,219.41 

91M 

914: 

91% 

2SG.278 

6,521.78 

96 

301.594 

7,238.25 . 

286.671 

6,539.68 

96% 

‘ 301.986 

7,257.11 

287.0f)4 

6,557.61 


302.379 

7,275.99, 


287.456 

6,575.56 

$02,172 

7,294.91 

9i4| 

287.849 

6,593.54 

fi 

303.164 

7,313.84 

9L'4 

2SS.242 

6,611.55 

303.557 

7,332.80 


288.634 

6,629.57 

96% 

303.950 

7,351.79 

289.027 

6,647,63 

96% 

304.342 

7,370.79 

^2H 

289.420 

6,665.70 

97 

804.735 

7,389,83 

li 

289.813 

6,683.80 

97% 

305.128 

7,408.89 

290.205 

6,701.93 

97% 

305.521 ' 

7,427.97 

92% 

290.598 

6,720.08 

97% 

305.913 

7,447.08 

•925| 

290.991 

6,738.25 

97% 

806.306 

7,466.21 

s 

93 

291.383 

6,756.45 

97f/s 

306.699 

7,485.37 

291.776 

6,774.68 


807.091 

7,504.55 

292.169 

6,792.92 

307.484 

7,523.75 

93% 

292.562 

6,811.20 

98 

307.877 

7,542.98 

7,562.24 

93% 

202.954 1 

6,829.49 

98% 

308.270 

4 

293.347 

6,847.82 

98% 

808.662 

7,581.52 

293.740 

294.132 

294.525 

6,866.16 

6,884.53 

6,902.93 

98p 

98% 

809.055 

309.448 

809.840 

7,600.82 

7,620.15 

7,639.50 

93 % 

294.918 

6,921.35 

98% 

310.233 

7,658.88 

94 

295.310 

6,939.79 

98% 

810.626 

7,678.28 

944 

295.703 

6,958.26 

99 

311.018 

7,697.71 

944 

296.096 

6,976.76 

99% 

311.411 

7,717.16 

944 

296,488 

6,995.28 

i 

99% 

811.804 

7,736.63 

94% 

296.881 

7,013.82 

312.196 

7,756.13 


297.274 

7,032.39 

312.589 

7,775.66 

ml 

914 

297.667 

298.059 

7,050.98 

7,069.59 

w 

312.982 

313.375 

7,795.21 

7,814.78 

95 

298.452 

7,088.24 

99% 

313.767 

#,7,834.38 

95 % 

298.8-15 

7,106.90 

100 

814.160 

7,854.00 


The preceding table may be used to determine the 
diameter when the circumference or area is known. Thus, 
the diameter of a circle having an area of 7,200 sq. in. is, 
approximately, 95| in. 
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1-64 

.015625 

17-64 

.265625 

33-64 

.515625 

49-64 

.765625 

1-32 

.031250 

9-32 

.281250 

17-32 

.531250 

25-32 

.781250 

3-M- 

.046875 

19-64 

.296875 

35-64 

.546875 

51-64 

.796875 

l-SS 

.062500 

5-16 

.312500 

9-16 

.562500„ 

13-16 

.812500 

■ 5-fM 

.078125 

21-64 

.328125 

37-64 

.578125 

53-64 

.828125 

3-32 

.093750 

11-32 

.3i3750 

19-32 

.593750 

27-32 

.843750 

'.7-64 

.109375 

23-64 

.359375 

39-64 

.609375 

55-64 

.859375 

1-8 

.125000 

3-8 

.375000 

5-8 

.625000 

7-8 

.875000 

9-64 

■> J002:) 

») 64 

.890625 

41-64 

.610625 

57-64 

.890625 

5-32 

1 jt) ^>0 

U 2 

.406250 

21-32 

,656250 

29-32 

.906250 

11-C4I 

171^7>| 

27 6-' 

.421875 

43-64 

.671875 

59-64 

.921875 

3-S8 

1 i 

7-!6 

.437500 

11-16 

.687500 

15-16 

.937500 

13-G-t 

20 I2^ I 

21 ( 1 

.4,53125 

45-64 

.703125 

61-64 

.953125 

7-32 

2!" n 

1 > 2 

.468750 

23-32 

.718750 

31-32 

.968750 

IS-Git 

i 2^7^! 

.. 64 

.484375 

47-64 

.734375 

63-64 

.984375 

i-4 

' ioOUi 0 

1 1 

i-2 

.500000 

3-4 

.750000 

1 

i 


DECIMALS OF A FOOT FOR EACH 1-32 OF AN INCH. 


IncL. 

O'' 

1" 

2" 

3" 

4^/ 

5" 

0 

0 

.0833 

.1667 

.2500 

.3333 

.4167 


.0026 

.0859 

.1693 

.2526 

.3359 

.4193 


.0052 

.0885 

.1719 

.2552 

.3385 

.4219 


.0078 

.0911 

.1745 

.2578 

.3411 

.4245 

% 

.0104 

.0937 

.1771 

.2604 

.3437 

.4271 

#5 

.0130 

.0964 

.1797 

.2630 

.3464 

.4297 

❖ 

.0156 

.0990 

.1823 

.2656 

.3490 

.4323 


.0182 

.1016 

.1849 

.2682 

.3516 

.4349 

4 

.0208 

.1012 

.1875 

.2708 

.3542 

.4375 


.0234 

.1068 

.1901 

.2734 

.3568 

.4401 


.0260 

.1094 

.1927 

.2760 

.3594 

.4427 

If 

.0286 

.1120 

.1953 

.2786 

.3620 

.4453 

% 

.0312 

.1146 

.1979 

.2812 

.3646 

.4479 


.0339 

.1172 

.2005 

.2839 

.3672 

.4505 

M ' 

^ .0365 

.1198 

.2031 

.2865 

.3698 

.4531 

If 

.0391 

.1224 

.2057 

.2891 

.3724 

.4557 


.0417 

.1250 

.2083 

.2917 

.3750 

.4583 

u 

.0443 

.1276 

.2109 

.2943 

.3776 

.4609 


.0469 

.1302 

.2135 

.2969 

.3802 

.4635 

if 

.0495 

.1328 

.2161 

.2995 

.3828 

.4661 

% 

-0521 

,1354 

.2188 

.3021 

.3854 

,4688 

u 

.0547 

.1380 

i .2214^ 

.3047 

.3880 

.4714 


.0573 

.1406 

i .2240 

.3073 

.3906 

.4740 

U 

.0599 

.1432 

i .2266 

.3099 

,3932 

.4766 



USEFUL TABLES. 
Table— ( Continued). 


Incii. 


.5000 

.5026 

,5052 

.5078 

.5104 

.5130 

.5156 

.5182 

.5208 

.5234 

.5260 

.5286 

.5312 

.5339 

.5365 

.5391 


.5833 

.5859 

.5885 

.5911 

..5937 

.5964 

.5990 

.6016 

.6042 

.6068 

.6094 

.6120 

.6146 

.6172 

.6198 

.6224 

.6250 


.6667 

.6693 

.6719 

.6745 

.6771 

.6797 

.6823 

.6849 

.6875 

.6901 

.6927 

.6953 

.6979 

.7005 

.7031 

.7057 

.7083 


.7500 

.7526 

.7552 

.7578 

.7604 

.7630 

.7656 

.7682 

.7708 

.7734 

.7760 

.7786 

.7812 

.7839 

.7865 

.7891 

.7917 

7943 


.8333 

.8359 

.8385 

.8411 

.8437 

.8464 

.8490 

.8516 

.8542 

.8568 

.8594 

.8620 

.8646 

.8672 

.8698 

.8724 

.8750 

.8776 


.9167 

.9193 

,9219 

.9245 

.9271 

.9297 

.9323 

.9349 

.9375 

.9401 

.9427 

.9453 

.9479 

.9505 

.9531 

.9557 

.9583 

.9609 

.9635 

.9661 

.9688 

.9714 


DECIMALS OF A FOOT FOR EACH 1-32 OF AN INCH. 


.0625 

.0651 

.0677 

.0703 

.0729 

.0755 

.0781 

.0807 


.1458 

.1484 

.1510 

.1536 

.1562 

.1589 

.1615 

.1641 


.2292 

.2318 

.2344 

.2870 

.2396 

.2422 

.2448 

.2474 


.3125 

.3151 

.3177 

.3203 

.3229 

.3255 

.3281 

.3307 


.3958 

.3984 

.4010 

.4036 

.4062 

.4089 

.4115 

.4141 


.4792 

.4818 

.4844 . 

.4870 

.4896 

.4922 

.4948 

.4974 
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FORMULAS. 

The term formtla, as used in mathematics and in techni-* 
cal books, may be defined as a rule in which symbols are usem 
instead of words; in fact, a formula may be regarded as a 
shorthand' method of expressing a rule. 

Most people ha'^i.ng no knowledge of algebra regard for- 
mulas with distrust; they think that a person must be a good 
algebraic scholar in order to be able to use formulas. This 
idea, however, is erroneous. As a rule, no knowledge of 
any branch of m,atheBiatics except arithmetic is required to 
enable one to use a formula. Any foimula can be expressed 
in words, and when so expressed it becomes a rule. 

Formulas are m uch more con venient than rules; they show 
at a glance all the operations that are to he performed; they 
do not require to be read three or four, times, as is the case 
with most rules, to enable one to understand their meaning; 
they take up much less space, both in the printed hook and 
ill one’s note book, than rules; in short, w’henever a rule can 
be expressed as a formula, the formula is to be preferred. In 
the followuiig pages we purpose to show the reader how to 
use such formulas as he is likely to encounter in “ pocket- 
books,” or other works of like nature. 

The signs used in formulas are the ordinary signs indica- 
tive of operations and the signs of aggregation. All these 
signs are used in arithmetic, but, to refresh the reader’s 
memory, we wull explain their nature and uses before pro- 
.ceeding' further. 

The signs indicative of operations are rix in number, viz.: 

. X, I , 

The sigS (+) indicates addition, and is called plus; when 
placed between turn quantities, it indicates that the two 
quantities are to be added. Thus, in the expression 25 -f 17, 
the sign (-f ) shows that 17 is to be added to 25. 

The sign (— ) indicates subtraction, and is called minus; 
when placed between two quantities, it indicates that the 
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quantity on the right Is to be subtracted from that on the 
left. Thus, in the expression 25 — 17, the sign (—) shows that 
17 is to be subtracted from 25. 

The sign (X) indicates multiplication, and is read fmes, or 
’multiplied by; when placed between two quantities, it indi- 
cates that the quantity on the left is to be multiplied by that 
on the right. Thus, in the expression 25 X 17, the sign (X) 
shows that 25 is to be multiplied by 17. 

The sign indicates division, and is read divided by: 
when placed between two quantities, it indicates that the 
quantity on the left is to be divided by that on the right. 
Thus, in the expression 25 -i- 17, the sign (— ) shows that 25 Is 
to be divided by 17. 

Division is also indicated by placing a straight line 
between the two quantities. Thus, 25 i 17, 25/17, and all 
indicate that 25 is to be divided by 17. When both quantities 
are placed on the same horizontal line, the straight line 
indicates that the quantity on the left is to be divided by 
that on the right. When one quantity is below the other, the 
straight line between, indicates that the quantity above the 
line is to be divided by the one below it. 

The sign (>/) indicates that some root of the quantity to 
the right is to be taken; it is called the radical sign. To 
indicate what root is to be taken, a small figure, called the 
index, is placed within the sign, this being always omitted 
when the square root is to be indicated. Thi^l/ 25 indicates 
that the square root of 25 is to be taken; f'' 25 indicates that 
the cube root of 25 is to be taken, etc. 

Note.— A s the term “quantity’* is a very convenient one 
to use, w^e wdll define it. In mathematics the word quantity 
is ax>plied to anything that it is desired to subject to the 
ordinary operations of addition, subtraction, multiplication, 
etc,, when we do not wish to be more specific and state 
exactly what the thing is. Thus, we can say “ two or more 
numbers,” or “ two or more quantities.” The woed quantity 
is more general in its meaning than the word number. 

The signs of aggregation are four in number, viz.: , 

0, [],and J respectively called the vinculum, tha paren- 
thesis, the brackets, and the brace; they are used when it is 
desired to indicate that all the quantities included by them 
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are to be subjected to the same operation. Thus, if we desire 
to indicate that the sum of 5 and S is to he multiplied by 7, 
and we do not wish to actually add 5 and 8 before indicating 
the multiplication, we may employ any one of the four signs 
of aggregation as here sliown: 5 + 8 X 7, (5 + 8) X 7, [5 +8] X 7, 

Jjj hSjxT. The vinculum is placed above the quantities 
which are to be treated as one quantity and subjected to the 
same operatirms. 

While anyone of the four signs may be used as shown 
above, custom has restricted their use somewhat. The vincu- 
lum is rarely used except in^coniiection with the radical 'sign. 
Thus, instoadi of wrlticg f '(,5 + Sj, f [5 + S], or f"' |5 + 8 1 
for the cube root of 5 plus S, all of wh ich -w ould be correct, 
the viiieuluin is nearly always used, + 8. 

In cases where but one sign of aggregation is needed 
(except, of course, wiion a root is to bo indicated), the 
parenthesis is al ways used. Hence, (5 + S) X 7 would be the 
usual way of expressing the product of 5 plus S and 7. 

If two signs of aggregation are needed, the brackets and 
parenthesis are used, so as to avoid having a parenthesis 
within a parenthesis, the brackets being placed outside. For 
example, [(20 — 5) h- 3] X 9 moans that the difference between 
20 and 5 is to be divided by 3, and this result multiplied by 9. 

If three signs of aggregation are required, the brace, 
brackets, and parenthesis are used, the brace being placed 
outside, the brackets next, and the parenthesis inside. For 
example, J [(20 — 5) -r- S] X 9 — 21 1 8 means that the quo- 

tient obtained by dividing the difference between 20 and 5 
by 3 is to be multiplied by 9; and that 21 is to be subtracted 
from the product thus obtained, and the result divided by 8. 

Should it be necessary to use all four signs of aggrega- 
tion, the brace -would be put outside, the brackets next, 
the paren thesis next, and the vinculum inside. For example, 

I [ (20 — 5 -- 3) X 9 — 21] -7- 8 ^ X 12. The reason for using the 
brace in this last instance will be explained, as it is not 
generally understood. 

When several quantities are connected by the various 
signs indicating addition, subtraction, multiplication, and 
division, the operation indicated by the sign of multiplication 
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must always be performed first. Thus, 2 + 3X4 equals 
14 , $ being multiplied by 4 before adding to 2. Similarly, 
10 2 X 5 equals 1 , since 2X5 equals 10, and 10 10 equals I, 

Hence, in the above case, if the brace were omitted, the 
result w'ould be !•; whereas, by inserting the brace, the 
result is 36. 

; Following the sign of multiplication comes the sign of 

I division in its order of importance. For example, 5—9 -f-S 

equals 2, 9 being divided by 3 before subtracting from 5. The 
I signs of addition and subtraction are of equal value; that is, 

I if several quantities are connected by plus and minus signs, 

! the indicated operations may be performed in the order in 

) which the quantities are placed. 

'] ' There is one other sign used, which is neither a sign of 

i aggregation nor a sign indicative of an operation to be per- 

; formed; it is (=), and is called the sign of equality; it means 

:•! that all on one side of it is exactly equal to all on the other 

j side. For example, 2 = 2, 5 — 3 = 2, 5 X (14 — 9) — 25. 

i Having described the signs used in formulas, the formulas 

themselves will now be explained. First consider the well- 
{i known rule for finding the horsepower of a steam engine. 

I which may be stated as follows : 

j Divide the continued product of the mean effective pressure in 

; pounds per square inch, the length of the stroke in feet, the area 

of the piston in square inches, and the number of strokes per 
minute by $8,000; the result wiU be the horsepower. 

This is a very simple rule, and very little, if anything, will 
be saved by expressing it as a formula, so far as clearness is 
4 concerned. The formula, however, will occupy a great deal 

! less space, as we shall show. 

-1 An examination of the rule will show that four quantities 

(viz., the mean effective pressure, the length of the stroke, 
J the area of the piston, and the number of strokes) #re multi- 

• ! plied together, and the result is dhdded by 33,000. Hence, the 

i rule might he expressed as follows : 

; ' ' mean effective pressure stroke 

: (m pounds per square inch) (in feet) 

i area of piston number of strokes nnA 

j ^ (in square inches) ^ (per minute) ' ’ ’ 
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TMs expression could be shortened by representing each 
quantity by a single letter, tbus; representing horsepower 
by the letter “if,” the mean effective pressure in pounds per 
square inch by “P,” the length of the stroke in feet by “X,” 
the area of the piston in square inches by “A,” the number of 
strokes per minute by “JV,” and substituting these letters for 
the quantities that they represent, the above expression 
would reduce to 

■ iT = ^XLXAXN 
33,000 

a much simpler and shorter expression. This last expression 
is called a formula. 

The formula just given shows, as we stated in the begin- 
ning, that a formula is really a shorthand method of express-' 
ing a rule. It is customary, however, to omit the sign of 
multiplication between two or more quantities when they 
are to be multiplied together, or between a number and a 
letter representing a quantity, it being always understood 
that when two letters are adjacent with no sign between 
them, the quantities represented by these letters are to be 
multiplied. Bearing this fact in mind, the formula just 
given can be further simplified to 

H = 

33;000 * 

The sign of multiplication, evidently, cannot be omitted 
between two or more numbers, as it would then be impossible 
to distinguish the numbers. A near approach to this, how- 
ever, may be attained by placing a dot between the numbers 
that are to be multiplied together, and this is frequently done 
in works on mathematics when it is desired to economize 
space. In such cases it is usual to put the dot higher than 
the position occupied by the decimal point. Thus, 2*3 means 
the same as 2X3; 542'749'1,006 indicates that the numbers 
M2, 749, and 1,006 are to be multiplied together. 

It is also customary to omit the sign of mult iplication in 
expressions s im ilar to the followi ng: a X l/b -f c, 3 X (6 + c), 
(6 + c) X a, etc., writing them ay b + c, 3(5 + c), (5 + c)a, etc. 
The sign is not omitted when several quantities are included 
by a vinculum, and it is desired to indicate that the quantities 
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so included are t o be multi plied b y .. ano ther quantity. 
For example, 3 X b + c, 5 + c X l/ & + c X are 

always written as here printed. 

Before proceeding further, we will explain one other 
device that is used hy formula makers, and which is apt to 
puzzle one who encounters it for the first time. It is the 
use of -what mathematicians call primes and subs., and what 
printers call supenor and inferior characters. As a rule, 
formula makers designate quantities hy the initial letters oi 
the names .of the quantities. For example, they represent 
volume hy v, pressure hy p, height by h, etc. This practice 
is to he commended, as the letter itself serves in many cases 
to identify the quantity that it represents. Some authors 
carry the practice a little further and represent all quantities 
of the same nature hy the same letter throughout the hook, 
always having the same letter represent the same thing. 
Now, this practice necessitates the use of the primes and 
subs, above mentioned when two quantities have the same 
name, hut represent different things. Thus, consider the 
'word pressure as applied to steam at different stages between 
the boiler and the condenser. First, there is absolute pres- 
sure, %vhich is equal to the gauge pressure in pounds per 
square inch plus the pressure indicated hy the barometer 
reading (usually assumed in practice to he 14.7 pounds per 
square inch, when a barometer is not at hand). If this he 
represented hy p, how shall we represent the gauge pressure? 
Since the absolute pressure is always greater than the gauge 
pressure, suppose w'e decide to represent it hy a capital 
letter, and the gauge pressure hy a small (lower-case) letter. 
Doing so, P represents absolute pressure, and p gauge pres- 
sure. Further, there is usually a “drop” in pressure 
between the boiler and the engine, so that the initial pres- 
sure, or pressure at the beginning of the stroke, is less than 
the pressure at the boiler. How shall we represent the 
initial pressure? We may do this in one of three ways, and 
still retain the letter p or P to represent the word pressure: 
First, by the use of the prime mark; thus, p' or P* (read p 
prime and p major prime) may be considered to represent the 
initial gauge presssure or the initial absolute pressure. 
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Second, by tbe use of sub. figures; thus, pi or Pi (read p sub. 

\ one a.ndp major sub. one). Third, by the use of sub. letters*, 
thus, pi or Pi (read p sub. i and P major sub. i). Likewise, p'*' 
(readp second), po > Pr might be used to represent the gauge 

pressure at release, etc. Sub. letters have the advantage of 
still further identifying the quantity represented; in many 
instances, however, it is not convenient to use them, in which 
case primes and subs, are used instead. The prime notation 
may be continued as follows: p'",p”',p”, etc.; it is inadvisable 
■ to use superior figures, for example, ph p^, p^, pa etc., as they 
. are liable to be inistaken for exponents. 

The main thing to be remembered by the reader is that 
waen a formula is given in ‘wMch the same letters occur several 
tinies^ all like letters having the same primes or subs, represent the 
same quantities, lohile those that diff'er in any respect represent 
different quantities. Thus, in the formula 

t = 1 h k + *^^2 §2^4- w -i % fg 

S], -f uv 6*2 H- tea Ss ’ 

tui, w^, and vjz represent the weights of three diiferent bodies; 
Si, So, and Ss their specific heats; and fo, and their tem- 
peratures; while t represents the final temperature, after the 
.i foodies have been mixed together. 

It is very easy to apply the above formula when the 
i values of thh quantities represented by tbe different letters 
i are known. All that is required is to substitute the numeri- 
cal values of the letters, and then perform the indicated 
operations. Thus, suppose that the values of -Wi, Si, and ti 
are, respectively, 2 pounds, .0951, and 80®; of wg, sa, and ^ 2 , 
7.S pounds, 1, and SO®, and of Ss, and 31: pounds, .1138, 
and 780®; then, the final temperature t is, substituting these 
values for their respective letters in the formula, 

. _ 2 X .0951 X SO + 7.8 X 1 X 80 31 X .1138 X 780 __ 

2 X .0951 + 7.8 X 1 + 31- X .1138 ” 

15.216 + 624 + 288.483 _ 927.699 _ 

.1902 + 7.8 + .36985 ~ 8.36005 ^ * 

In substituting the numerical values, the signs of multi- 
plication are, of course, written in their proper places; all 
the multiplications are performed before adding, according 
to the rule previously given. 
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Tlie reader should now be able to apply any fonnnia 
involving only algebraic expressions that he may meet witUf 
not requiring the use of logarithms for their solution. ?7e 
will, however, call his attention to one or two other lacts 
which he may have forgotten. 

160 

Expressions similar to — sometimes occur, the hea\T hue 


Indicating that 160 is to be divided by the quotient obtained 
by dividing 660 by 25. If both lines were light it would be 

impossible to tell whether 160 was to be divided by or 

whether ~ was to be divided by 25. If this latter result 


were desired, the expression would be written In every 
case the heavy line indicates that all above it is to be divided 
by all below it. 

In an expression like the following, the heavy line 


is not necessary, since it is impossible to mistake the opera* 

660 

tion that is required to be performed. But, since 7 + 

= if we ^bedtute for 7 + f , the heayy 

line becomes necessary in order to make the resulting expres- 
sion clear. Thus, 


Fractional exponents are sometimes used instead of the 
radical sign. That is, instead of indicating th^quare, cu^ 
fourth root, etc. of some quantity, as 37 by ]/ 37, 37, V 37, 
etc. these roots are indicated by 37^, 37^, 37^, etc. Should 
the numerator of the fractional exponent be some quantity 
other than 1, this quantity, whatever it may be, indicates 
that the quantity affected by the exponent is to be raised to 
the power indicated by the numerator; the denominator is 
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always the index of the root. Hence,' instead of expressing 
the cube root of the square of 37, as it may be expressed,, 

37^, the denominator being the index of the root; in other 
words, # 3755 = 37t , Likewise, f/ (1 + a^by may also be 
written (1 + a much simpler expression. 

,We will now give several examples showing how to apply 
some of the more difficult formulas that the reader may 
encounter. 

The area of any segment of a c.ircle that is' less than (or 
.equal to) a semicircle is expressed by the formula, 


A 


Ur~h), 


T r^jg 

"360 2^ 

in which A = area of segment; 
w = 3.1416; 

T == radius; 

E = angle obtained by drawing lines from the 
center to the extremities of arc of segment; 
c = chord of segin.ent; 
h = height of segment. 

EXAMPLE.—What is the area of a segment whose chord is 
10 in. long, angle subtended by chord is 83.46*^, radius is 
7.5 in., and height of segment is 1.91 in.? 

Solution. —A pplying the formula just given, 


J.N __ 3.1416 X 7.52 X 83.46 
360 2^^ "360 


-^1 ( 7 . 5 - 1 . 91 ) 


= 40.968 — 27.95 == 13.018 sq. in., nearly. 

The area of any triangle may be found by means of the 
following formula, in which A = the area, and a, 6, and c 
represent the lengths of the sides: 


b l„ /a2-L52_<>2\2 
= 25 —)' 


Example.— W hat is the area of a triangle whose sides are 
21 ft., 46 ft., and 50 ft. long ? 

Solution. — I n order to apply the formula, suppose we let 
a represent the side that is 21 ft. long; b, the side that is 50 ft. 
long; and c, the side that is 46 ft. long. Then, substituring 
, in the formula, 
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= 25 yui - 8.252 ^ 25 V 441 — 68.0625 = 25 y" 372.9375 
== 25 X 19.312 = 482.8 sq. ft., nearly. 

The ahoye operations have heen extended iniich fiirtlier 
than -was necessary; this was done in order to show The 
reader every step of the process. 

The Eanldne-Gordon formula for determining the least 
load in pounds that will cause a long column to break is 

p, 

in which P = load (pressure) in lb.; 5 — ultimate strength 
(in lb, per sq.in.) of material composing column; A = area 
of cross-section of column in sq. in.; g = a factor (multiplier) 
whose value depends on the shape of the ends of the column 
and on the material composing the column; I — length of the 
column in in.; (? = least radius of g^^Tation of cross-section 
of column. 

The values of S, q, and are all given in printed tables 
on pages 151, 153, and 156. 

Example.— What is the least load that will break a hollow 
steel column whose outside diameter is 14 in., inside diam- 
eter 11 in., length 20 ft., and whose ends are flat? 

Solution.— For steel, S = 150,000, and q = for fiat- 

ended steel columns; A, the area of the cross-section, = 
J785i{dx^--d^-), di and do being the outside and inside diam- 
eters, respectively; ? 20 X 12 = 240in.; and 

Substituting these values in the formula, r 


150,000 X .7854(14 2 --112) 


150,000 X 68.905 _ 8,835.750 
1 -f .11^ “‘1.1163^ 


7,915,211 lb. 
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il 

INVOLUTION AND EVOLUTION. j; 

P>y meaiis of the foliou’ing table the square, cube, square , . 

s’oot, cube root, and reciprocal of any number may be Ij 

obtained correct always to five significant tigiires, and in the ■ i 

majority of eases corroefc to six significant figures. 

In any number, the figures beginning with the first digit 
at the left and ending with the last digit at the right, are 
eaJled the significant figures of the number. Thus, the num- 
ber 405,800 has the four significant figures 4, 0, 5, 8; and the 
number .000090007 has the five significant figures 9, 0, u, 6, 
and 7. 


7hie part of a number consisting of its significant figures 
is ealied the significant part of the number. Thus, in the 
number 23,070, the significant part is 2807: in the number 
.00812, the significant part is 812; and in the number 170.3, the 
significant part is 1703. 

In speaking of the significant figures or of the significant 
part of a number, the figures are corusidered, in their proper 
order, from the first digit at the left to the last digit at the 
right, but no attention is paid to the position of the decimal 
point. Hence, all numbers that differ only in the position of 
the decimal point have the same significant part. For example, 
.002103, 21.03, 21,030, and 210,300 have the same significant 
figures 2, 1, 0, and 3, and the same significant part 2103. 

The integral part of a number is the part to the left of the 
decimal point. 

It will be more convenient to explain first how to use the 
table for fiuding square and cube roots. 


SQUARE ROOT. 

First-point off the given number into periods of two figures 
each, beginning with the decimal point and proceeding to 
the left and right. The following numbers are thus pointed 
off: 12703, T27'03; 12.703, 12.70'30; 220000, 22W'00; .000442, 
.00'04'42. 



* A cipher is not a digit. 
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Having pointed off tlie number, move the decimal point 
so that it will fall between the first and second periods of the 
significant part of the number. In the above numbers, the 
decimal point will be placed thus: 1.2703, 12.703, 22, 4.42. 

If the number has but three (or less) significant figures, 
find the significant part of the number in the column headed 
the square root will be found in the column headed ],/ % 
or )/ ~Vdn^ according to w'hether the part, to the lett of the 
decimal point contains one figure or two figures. Thus, V 4.42 
== 2.1024, and V ^ = V 10 X i20 = 4.6904. The decimal point 
is located in all cases by reference to the original number 
after pointing off into periods. 

There loill he as many figures in the root preceding the decimal 
point as there are periods preceding the decimal point in the 
given number; if the number is entirely decimal, the root is 
entirely decimal, and there will be as many ciphers following the 
decimal point in the root as there are cipher periods following 

the decimal point in the given number. 

Applying this rule, i/220W = 469.04 and 000442 = 
.021024. 

The operation when the given number has more than 
three significant figures is best' explained by an example. 
Example.— (a) 1/3.1416 = ? (6) i/ 2342.9 = ? 

Solution.— (a) Since the first period contains but one 
figure, there is no need of moving the decimal point. Look 
in the column headed n^ and find two consecutive numbers, 
one a little greater and the other a little less than the given 
number ; in the present case, 3.1684 = 1.78" and 3.1329 = 1,772. 
The first three figures of the root are therefore 177. Find the 
difference between the two numbers between which the 
given number falls, and the difference between the smaller 
number and the given number ; divide the second djfference 
by the first difference, carrying the quotient to three decimal 
places and increasing the second figure by 1 if the third 
is 5 or a greater digit. The two figures of the quotient 
thus determined will be the fourth and fifth figures of the 
root. In the present example, dropping decimal points 
in the remainders, 3.1684 — 3.1329 = 355, the first difference; 
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8.1416 — 3 1329 = 87, the second difference; ' 87 855 = .245+, 

or .25. Hence, /3.1416 = 1.7725. 

{h ) 1 / 2342.9 = ? Pointing off into periods we get 23'42.90; 
moving the decimal point we get 23,4290; the first three 
figures of the root are 484; the first difference is 23.5225 — 
23.4256 = 969; the second difference is 23.4290 ~ 23.4256 = 34; 
34 969 = .035+, or .04. Hence, 1/ 2342.9 = 48.404. 


CUBE ROOT. 


The cube root of a number is found in the same manner 
as the square root, except the given number is pointed off 
into periods of three figures each. The following numbers 
would be pointed off thus: 3141.6, 3T41.6; 67296428, 67'296'428; 
601426,314, 601'426.314; .0000000217, .000'000'021'700, 

Having pointed off, move the decimal point so that it will 
fall between the first and second periods of the significant 
part of the number, as in square root. In the above num- 
bers the decimal point will be placed thus: 3.1416, 67.296428, 
601.426314, and 21.7. 

If the given number has but three (or less) significant 
figures, find the significant part of the number in the 
column headed ^jthe cube root will be found in the column 
headed f/ n, f/'lOn, or l^^l00?^, according to whether one, 
two, or three figures precede the decimal point after it has 
been moved. Thus, the cube root of 21.7 will be found oppo- 
site 2.17, in column headed f/lQn, while the cube root of 2.17 
would be found in the column head_^J/?i, and the cube 
root of 217 in the column headed i^'^lOOn, all on the same 
line. If the given number contains more than three sig- 
nificant figures, proceed exactly as deseribed^for square root 
except that the column headed is used. 

Example.— ( a) 0062417 == ? (b) #^50932676 == t 

Solution.— (a) Pointing off into periods, we get 


00CKO06'241'7O0; moving the decimal point, we get 6.2417. 
The number falls between 6.22950 = 1.848 and 6.33163 ™ 1.85^, 
the first difference ;== 10213; the second difference is 
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6.24170 ~ 6.22950 == 1220; 1220 10213 = .119+, or .12, tliefourtli 

and fifth figures of the root. The decim al point is located by 
the rule previously given; hence, 0000062417 = .018412. 

(5) 1?^' 50932676 = ? As the number contains more than 

six significant figures, reduce it to six significant figures by 
replacing all after the sixth figure with ciphers, increasing 
the sixth figure by 1 when the seventh is 5 or a g reater 
digit. In oth er words, the first five figures of 50932700 and 
of I?'" 50932076 are the same. Pointing ofif into periods, we get 
60'932'700; moving the decimal point, we get 50.9327, which 
falls between 50.6530 = 3.703 and 51.0648 = 3.713; the first 
difference is 4118; the second difference is 2797; 2797 -s- 4118 
= .679+, or .68. The integra l part of the root evidently con- 
tains three figures; hence, 50932676 = 370.68, correct to five 
figures. 


SQUARES AND CUBES. 

If the given number contains but three (or less) signifi- 
cant figures, the square or cube is found in the column 
headed or opposite the given number in the column 
headed n. If the given number contains more than three 
significant figures, proceed in a manner similar to that 
described for extracting roots. To square a number, place the 
decimal point between the first and second significant figures 
and find in the column headed i/?i or ]/ 10 w two consecu- 
tive numbers, one of which shall be a little greater and the 
other a little less than the given number. The remainder of 
the work is exactly as heretofore described. To locate the 
decimal point, employ the principle that the square of any 
number contains either twice as many figures as the num- 
bersquared or twice as many less one. If the column headed 
j/ 10 « is used, the square will contain twice as many,figures, 
while if the column headed i/ n is used, the square will 
contain twice as many figures as the number squared, less 
one. If the number contains an integral part, the principle 
is applied to the integral part only; if the number is wholly 
decimal, there will be twice as many ciphers following the 
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decimal in the square or twice as many plus one as in 
the number squared, depending on whether }/Wri or i/?i 
column is used. For example, 273.422 will contain five figures 
in the integral part; 4516.22 ^yill contain eight figures in the 
integral part, all after the fifth being denoted by ciphers; 

.00291532 will have five ciphers following the decimal point; 

.0524362 will have t^vo ciphers following the decimal point. 

Example.— ( a) 273.422 = ? (6) .0524362 = ? 

Solution. — (a) Placing the decimal point between the first 
and second significant figures^fhe result is 2.7342; this number 
occurs between 2.7^13 = ]/7.47 and 2.73496 == in the 

column headed ]/ n. The fust difference is 2.73496 — 2.73313 
“ 183; the second difference is 2.73420 — 2.73313 = 107; and 
107 183 = .584+, or .58, Hence, 273.422 = 74,758, correct to 

five significant figures. 

(5) Shifting the decimal point to between the first and 
second significant figures, we get the number 5.2436, which 
falls between 5.23450 = 27.4 and 5.24104 = The first 

difference is 954; the second difference is 910; 910 954 ~ | 

.953+, or .95. Hence, .0524302 = .0027495, to five significant 
figures. 

A number is culDed i n exa ctly the same manner, using the 
column headed f ‘ 10 n, ov f' mli, according to whether 

the first period of the significant part of the number contains 
one, two, or three figures, respectively. If the number con- 
tains an integral part, the number of figures in the integral 
part of the cube will be three jti^s as many as in the given 
number if column headed lOOli is used; it will be three 
times as many less 1 if the column headed is used; |:j, 

and it wiU be three times as many less 2 if the column j 

headed is used. If the given number is wholly decimal bj! 

the cube will have either three times, three times plus ii; 

one, or three times plus tivo, as many ciphers following the 
decimal as there are ciphers following the decimal point in 
the given number. 

Example.— (a) 129.6843=? (6).76442S = ? (c); .032425S 

= ? 

Solution. — (a) Placing the decimal point between the 
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first and second signifi cant figures, the numbeijl^9684 is found 
between 1.29664 - f Hs and 1.29862 - f, 2.19. The first 
difference is 198; the second difference is 20; and 20 198 

« .101+, or .10. Hence, the first five significant figures are 
21810* the number of figures in the integral part of the cube is 
3 X 3 — 2 = 7; and 129.6843 = 2,181,000, correct to five sig* 

nificant figures. 

(h) 7,64420 oecTirs between 7.64032 == 1^446 and 7.64603 = 
#'447. The first difference is 571; the second difference is 
388; and 388 571 = .679+, or .68. Hence, the first five signifi- 

cant figures are 44668; the number of ciphers following the 
decimal point is 3 X 0 - 0; and .764423 - .44668, correct to five 

significant figures. . 

(c) 3.2425 falls between 3.24278 «= y 34.1 and 8.23961 « 
f' 3Ad. The first difference is 317; the second difference is 
289; 289 -r* 317 = .911+, or .91. Hence, the first five significant 
figures are 34091; the number of ciphers following the decimal 
point is 3 X 1 + 1 = 4; and .0324253 = .000034091, correct to 
five significant figures. 


RECIPROCALS. 

The reciprocal of a number is 1 divided by the number. 
By using reciprocals, division is changed into multiplicatioh, 

since a - 4 - b *= ? =« a X r- The table gives the reciprocals of 
0 0 

all numbers expressed with three significant figures to six 
significant figures. By proceeding in a manner similar to 
that just described for powers and roots, the reciprocal of any 
number correct to five significant figures may be obtained. 
The decimal point in the result may be located as follows: 
If the given number has an integral part, the number of 
ciphers following the decimal point in the reciprocal will be 
one less than the number of figures in the integral part of the 
given number; and if the given number is entirely decimal, 
the number of figures in the integral part of the reciprocal 
will be one greater than the number of ciphers following the 
decimal point in the given number. For example, the recip- 
rocal of 3370 = .000296736 and of .00348 287.356. 
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Vhen the number whose reciprocal is desired contains 
more than three significant figures, express the number to 
SIX significant figures (adding ciphers, if necessary, to make 
SIX figures) and find between what two numbers in the 

column headed i the significant figures of the given number 

falls; tnen proceed exactly as previously described to deter- 
mine the fourth and fifth figures. 

Example.— (a) The reciprocal of 379.426 (b) L 

* ^ ^0004692 

Solution. — (a) .379426 falls between .378788 = -^^and 

.830228 =■■ — . The first difference is 380228 — 378788 = 1440 ; 
the^ second diifereiiGe is 380228 - 379426 = 802; 802 - 

Significant figures are 
2 o-^j 6, ana the reciprocal of 379.426 is .0026356, to five sig 


five significant figures. 
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i.03 

l.dlr 

1.05 


l.Ofi 

1.07 

1.08 

1.09 

1.10 


1.11 

1.12 

1.13 


1.16 

1.17 

1.18 

1.19 

1.20 


1.21 

1.22 


1.0201 

i.oio-t 

1 .0609 
1.0S16 
1.1025 


1.33 

1.34 

1.35 


1.1236 
1 1449 
1.1664 
1.18SI 
1.2100 


1.03030 

1.06121 

1.09273 

1,12486 

1.15763 


1.19102 

1.22.504 

1.25971 

1.29503 

1.33100 


1.2321 

1.2544 

1.2769 

1.29% 

1.3225 


1 36763 
1.40493 
1.44290 
1.48154 
1.52088 


1.3456 

1.36S9 

1.3924 

1.4161 

1.4400 


1.56090 

1.60161 

1.64303 

1,68516 

1.72800 


1.4641 

1.4884 

1.5129 

1.5376 

1.5625 


1.77156 

1.81585 

1.86087 

1.90662 

1.9531S 


1.5876 

1.6129 

1.6384 

1,6641 

1.6900 


1.7161 

1.7424 

1.7689 

1.7956 

1,8225 


1..8496 

1.8769 

1.9044 

1.9321 


1.9881 

2.0164 

2.0449 

2.0736 

2.1025 


1 . 0 ( 


1.00995 

1.014S9 

1.019S0 

1.02470 


1,02956 

1.03441 

1.03923 

1.04403 

1.048S1 
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3.17805 

3.19374 

3.20936 

3.22490 

3.24037 


1.05357 

1.05830 

1.06301 

1.06771 

1.07238 


2.00038 

2.04838 

2.09715 

2.14669 

2.19700 


3.33167 

3.34664 

3.36155 

3.37639 

3.39116 


1.07703 

1,08167 

1.08628 

1.09087 

1.09545 


3.40588 

3.42053 

J.43511 

3.44964 

3,46410 


1.10000 

1.10454 

1.10905 

1.11355 

1.11803 


2,24809 
J. 29997 
2.35264 
2.40610 
1.46038 


1.12250 

1.12694 

1.13137 

1.13578 

1.14018 


1.144.55 
1 . _ 
1.1.5326 
1.15758 
1.16190 


2.51516 

2.57135 

2.62807 

2.68.562 

2.74400 


2.80322 

2.86329 

2.92421 


3.04863 

3.11214 


1.16619 

1,17047 

1.17473 

1.17898 

1.18322 


1.18743 

1.19164 

1.19583 

1.20000 

1.20416 


1.20830 

1.21244 

1.21655 


1,00332 

1.00662 

1.00990 

1.0X316 

1.01640 


3.25576 1.01961 

3.27109 \ 1.02281 
3.28634 i 1.02599 
3.30151 1.02914 
3.31662 1.03228 


3.47851 

3.49285 

3.50714 

3.52136 

3.53553 


3.54965 

3.56371 

3.57771 

3,59166 

3.60555 


1.03540 

1.0.3850 

1.04158 

1.04464 

1.04769 

1.05072 

1.05373 

1.05672 

1.05970 

1.06266 


1.06560 

1.06853 
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2.16159 

4.65701 

.990099 

2.16870 

4.67233 

.980392 

2.17577 

4.68755 

.970874 

2.18278 

4.70267 

.961539 

2.1S97G 

4.71769 

.952381 

2.19669 

4.73262 

.913396 

2.20358 

4, 74716 


2.21042 

4.76220 


2.21722 

4.77686 

,017131 

2.22398 

4.79142 

.900091 

2.23070 

4.80590 

.900901 

2.23738 

4.82028 

.8928.57 

2.24402 

4.S3459 ^ 

..SS4956 

2.25062 

4.84881 

,877193 

2.25718 

4.86294 

.S695J15 

2.26370 

4.87700 

.862069 

2.27019 

4.89097 

,854701 

2.27664 

4.90487 

,847458 

2.28305 

4.91868 

.840336 

1 2.28943, 

4.93242 

.833333 

1 2.29577 

4.94609 

.826446 

i 2.30208 

4.95968 

.819672 

i 2.308.35 

4.97319 

.813008 

t 2.31459 

4.98663 

.806452 

! 2.32080 

5.00000 

.800000 


1.08 
1.08-.- 
1,08577 
1.08859 
1.09139 


3.61939 

3.63318 

3.64692 

3.66060 

3.67423 


3.68782 

3.70135 

3.71484 

3.72827 

3.741CG 


1.09418 

1.09696 

1.09972 

1.10247 

1.10521 

1.10793 

1.11064 

1.11334 

1.11602 

1.11869 


3.7.5500 

3.76829 

3.781.53 

3.79473 

3.80789 


3.82099 

3.83406 

3.84708 


2.32697 

2.38310 

2.38921 

2.34529 

2.35134 

2.35735 

2.36333 

2.36928 

2.37521 

2.38110 


1.12135 

1.12399 

1.12662 

1.12924 

1.13183 

1.13445 

1.13703 

1.13960 

1.1421G 


2.3S696 : 
2.3i'280 1 
2.39861 
2.40439 i 
2.41014 


2.41587 
2.4215)6 
2.42724 
2. 4 3288 
2.43S50 


5.01330 

3.02653 

5.03968 

5.05277 

5,06580 

5.07875 

5.09164 

5.10447 

5.11723 

5.12993 

3.14256 

5.13514 

5.16765 

5.18010 

5.19249 

5.20483 

5,21710 

£.22932 

5.24148 

5.253.59 


2.44409 

2.44966 

2.45520 

2.46072 


5.26564 

5.27703 

5.28957 

5.30146 


.793651 

.787402 

.781250 

.775194 


.763359 

.757576 

.751880: 

.746269 

.740741 


,735294 

.729927 

.724638 

.719425 

,714286 


.709220 

.704225 

.699301 

.694444 

.6,89655 


.6849.32 
.680272 
1 .675676 
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^’iQQn, “ 
n 

:i.5i 

2.2801 

3.44295 

1.22882 

3.88587 

1.14725 

2.4716S 

5.32507 .662252 

I'.52 - 

2.3104 

3.51181 

1.23288 

8,89872 

1.1497S 

2,47713 

5,33680 .657895 

1.53_ 

2.3409 

3.58158 

1.23693 

3.91152 

1.15230 

2.48255 

5.34848 .653595 

1.54" 

2.3716 

3.65226 

1.24097 

3.92428 

1.15480 

2.48794 

5.36011 .049351 

1.55 

2.4025 

8.72388 

1.24499 

3.93700 

1.15729 

2.49332 

5.37169 .(545161 

1.56 

2.4336 

3.79642 

1,24900 

3.94968 

1.15978 

2.49866 

5.38321 .641026 

1.57 

2.4649 

3.86989 

1.25300 

3.962S2 

1.16225 

2.50399 

5.39469 .63694.3 

1.58 

2.4964 

3.94431 

1.25698 

8.97492 

1.16471 

2.50930 

5.40612 ,632911 

1,59 

2.5281 

4.01968 

1.26095 

3.98748 

1.16717 

2.51458 

5.41750 .628931 

1.60 

2.5600 

4.09600 

1.26491 

4.00000 

1.16961 

2.51984 

5.42884 .625000 

1.61 

2.5921 

4.17328 

1.26886 

4.01248 

1.17204 

2.52508 

5.44012 .621118 

1.62 

2.6244 

4,251 63 • 

1.27279 

4.02492 

1.17446 

2.53030 

5.45136 .617284 

1.63 

2,6569 

4.33075 

1.27671 

4.03733 

1,17687 

2.53649 

5.46256 .613497 

1.64 

2.6896 

4.41094 

1.28062 

4.04969 

1.17927 

2.54067 

5.47370 .609756 

1.65 

2,7225 

4,49213 

1.28452 

4.06202 

1.18167 

2,54582 

5.48481 .606061 

1.66 

2.7556 

4.57430 

1.28841 

4.07431 

1.18405 

2.55095 

5.49586 .602410 

1.67 

2.7889 

4.65746 

1.29228 

4.08656 

1.18642 

2.55607 

5.50688 .598802 

1.68 

2.8224 

4.74163 

1.29615 

4.09878 

1.1S878 

2.56116 

5,51785 .59523S 

1,69 

2.8561 

4.82681 

1 ,30000 

4.11096 

1.191U 

2.5(5623 

5.52877 .591716 

1.70 

2.8900 

4.91300 

1.30384 

4.1 23U 

1.19348 
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31.8550 ' 

1.78045 ! 

5.63028 

1.46899 

3.16485 

6.81846 

.315457 

8.18 

10.1124 

32.1574 

1.78326 1 

6.63915 

1.47054 

3.16817 

6.82562 

.314465 

3.19 ! 

10.1761 

: 32.4618 

1.78606 1 

5.64801 

1.47208 

3,17149 

6 . 832 T 7 1 

.313480 

3.20 i 

10.2400 

32.7680 

1.78885 

5.65685 

1.47361 

3.17480 : 

6.88990 

.312500 

8.21 I 

10.3041 

! 33.0762 ; 

1.79165 

5.66569 

1.47515 

3.17811 

6.84702 

.811527 

8.22 

10.3684 

, 33.3862 

1.79444 

5.67450 

1,47668 

3.18140 

6.85412 

.310559 

8.23 

10.4329 

33.6983 , 

1.79722 

5.68331 

1.47820 

8,18469 

6.86121 

.809598 

8.24 

10.4976 

34.0122 

1.80000 

5.69210 

1.47973 

3.18798 

6.86829 I 

.308642 

8.25 

10.5625 

34.3281 

1.80278 

5.70088 

1.48125 

3.19125 

6.87534 

.307692 

8.26 

10.6276 

, 34.6460 

1.80555 

5.70964 

1.48277 

8 , 194.52 

6.88239 

.306749 

3.27 

10.6929 

34.9658 

1.80831 

5.71839 

1.48428 

8.19779 

6.88942 

.306810 

8.28 

10.7584 

■ 35.2876 

1.81108 

5.72713 

1.48579 

3.20104 

6.89648 

.304878 

3.29 

10.8241 

; 35,6129 

1.81384 

5.73585 

1.48730 

3.20429 

6.90344 

.303951 

8.30 

10.8900 

35.9370 

1.81659 

5.74456 

1.48881 

3.20763 

6.91042 I 

.303030 

8.31 ' 

10.9561 ' 

36.2647 

1 . 819.34 

5.75326 

1.49031 

3.21077 

6.91740 

' .302115 

8.32 

11.0224 . 

36..5944 

1.82209 

6.76194 

1.49181 

3.21400 

6 . 924.36 I 

.301205 

3.33 

11.0889 ! 

36.9260 

1.82483 

5.77062 

1.49330 

3.21723 

6.93130 ! 

1 .300300 

8.34 

11.1556 

37.2597 

1.82757 

6.77927 

1.49480 

3.22044 

6.93823 : 

, .299401 

8,35 

11.2225 i 

37.5934 

1.83030 

5.78792 

1.49629 

3,22365 

6.94515 

1 .298508 

3.36 

11.2896 ' 

37.9331 

1.83303 

6,79655 

1.49777 

3.22686 

6.95205 i 

.297619 

3.87 

11.8569 

38.2728 

1.83576 

5.80517 

1.49926 

3.23005 

6.95894 

.296736 

8.38 

11.4244 ! 

38.6145 

1.83848 

5.81378 

1.50074 

3.23325 

6.96582 

.295858 

3.39 

11.4921 

38.9382 

1.84120 

5.82237 

1.50222 

3.23643 

6.97268 

.294985 

8.40 

11.5600 

39.3040 

1.84391 

5.83095 

1.50369 

3.23961 1 

6.97953 

.294118 

3.41 

11.6281 : 

39.6518 

1.84662 

5.83952 

1.50517 

3.24278 

6.98637 

, .293255 

3.42 

11.6964 

40.0017 

1.84932 

5.84808 

1.50664 

3.24595 

6.99319 1 

.292398 

3.48 

11.7649 

40.3536 

1.85203 

5.85662 

1.50810 

3.24911 

7.00000 i 

.291545 

8 44 

11.8336 

40.7076 

1.85472 

5.86515 

1.50957 

3.25227 

7.00680 

.290698 

8.45 

11.9025 

41.0636 

1.85742 

5.87367 i 

1.51103 

3.25542 

7.01858 

289855 

; 3 . 46 ^ 

11.9716 ' 

41.4217 

1.86011 

5.88218 

1:51249 

S .25856 

7.02035 

.289017 

8.47 i 

12.0409 . 

41.7819 

1.86279 

5.89067 1 

1.51394 

8.26169 

7.02711 

. 288184 ' 

^ . 8.48 I 

12.1104 i 

' 42.1442 

1.86548 

5.89915 1 

1.51540 

3.26482 

7.03385 

.287356 

8.49 

12.1801 1 

42.5085 

1 . 86 S 15 j 

5.90762 

1.51685 

3.26795 

7.04058 

.286533 

8.50 

12.2500 

42.8760 

1.87083 

5.91608 

1.51829 

3.27107 

7.04730 

. 28571 * 




POWEES,. ROOT 

3, ANI 

) RECIPROCALS. . 

112c * 

1 

n 

ji'i 







1 

n 

I 

3.51 

12.3201 

43.2436 

1.87350 

5.92453 

1., 51974 

3.27418 

7.05400 

.284900 

P 

3,52 

12.3904 

43.6142 

1.87617 

5.93296 

1.52118 

3.27729 

7.06070 

.284091 


3.53 

12.4609 

43.9870 

1.87883 

5.94138 

1.. 52262 

3.28039 

7.06738 

.283286 


3.54 

12.5316 

44.3619 

1.88149 

5.94979 

1.52406 

8.28348 

7.07404 

.282486 


3.55 

12.6025 

44.7389 

1.88414 

5.95819 

1.52549 

8.28657 

7:080T0 

.281690 


3.56 

12.6736 

45.1180 

1.88680 

5.96657 

1.52692 

3.28965 

7.08734 

.280899 


3.57 

12.7449 

45.4993 

1.88944 

5.97495 

1.52835 

3.29273 

7.09397 

.280112 


3.58 

12.8164 

45.8827 

1.89209 

5.98331 

1.52978 

3.29580 

7.10059 

.279380 


“3.59 

12.8881 

46.2683 

1.89473 

5.99166 

1.53120 

3.29887 

7.10719 

.278552 


3.60 

12.9600 

46.6560 

1.89737 

6.00000 

1.53262 

3.30193 

7.11379 

.277778 


3.61 

13,0321 

47.0459 

1.90000 

6.008.33 

1.53404 

3.30498 

7.12037 

.277008 

. . 

3.62 

13.1044 

47.4379 

1.90263 

6.01664 

1.53545 

3.30803 

7.12694 

.276243 

i 

3.63 

13.1769 

47.8321 

1.90526 

6.02495 

1.5.3686 

8.31107 

7.13349 

.275482 


3.64 

13.2496 

48.2285 

1.907S8 

6.03324 

1.53827 

3.31411 

7.1'1004 

.274725 


8.65 

13.3225 

48.6271 

1.91050 

6.04152 

1.53968 

8.31714 

7.14657 

.273973 


S.66 

13.3956 

49.0279 

1.91311 

6.04979 

1.54109 

3.32017 

7.15309 

.273224 


3.67 

13.4689 

49.4309 

1.91572 

6.05805 

1.54249 

3.32319 

7.15960 

.272480 


S.68 

13.5424 

49.8360 

1.91833 

6.06630 

1.54389 

3.32621 

7.16610 

.271739 


3.69 

18.6161 

50.2434 

1.92094 

6.07454 

1.54529 

3.32922 

7.17258 

.271008 


3.70 

13.6900 

50.6530 

1.92354 

6.08276 

1.54668 

3.33222 

7.17905 

.270270 


3.71 

13.7641 

51.0648 

1.92614 

6.09098 

1.54807 

3.33522 

7.18552 

.269542 


S.72 

13.8384 

51.4788 

1.92873 

6.09918 

1.54946 

3.33822 

7.19197 

.268817 


S..73 

13.9129 

51.8951 

1.93132 

6.10737 

1.55085 

3.34120 

7.19841 

.268097 


3.74 

13.9876 

52.8136 

1.93391 

6.11555 

1.55223 

8.34419 

7.20483 

.267380 


8.75 

14.0625 

52.7344 

1.93649 

6.12872 

1.55362 

3.84716 

7.21125 

.266667 


3.76 

14.1376 

53.1574 

1.93907 

6.13188 

1., 55500 

3.35014 

7.21765 

.265957 

ml 

. 8.77 

14.2129 

53.5826 

1.94165 

6.14003 

1.55637 

8.35310 

7.22405 

.265252 

mt 

3.78 

14.2884 54.0102 

1.94422 

6.14817 

1.65775 

3.35607 

7.23043 

.264550 

i 

8.79 

14.3641 54.4399 

1.94679 

6.15630 

1.55912 

3.35902 

7.23680 

.263852 

1 

8.80 

14.4400 54.8720 

1.94936 

6.16441 

1.56049 

8.36198 

7.24316 

.263158 

I 

8.81 

14.5161 

55.3063 

1.95192 

6.17252 

1.56186 

3.36492 

7.24950 

, .262467 

■Ir 

8.82 

14.5924 

55.7430 

1.95448 

6.18061 

1.56.322 

3.86786 

7.25584 

,261780 

HI’ 

8.83 

14.6689 

56.1819 

1.95704 

6.18870 

1.56459 

3.37080 

7.26217 1 

.261097 

Bti 

8.84 

14.7456 

56.6231 

1.95959 

6.19677 

1.56595 

3.37373 1 

7.26848 

.260417 

mm 

3.85 

14.8225 

57.0666 

1.96214 

6.20484 

1.56731 

8.37666 

7.27479 

.259740 

i 

3.86 

14.8996 

57.5125 

1.96469 

6.21289 

1.56866 

3.37958 

7.28108 

.259067 


3.87 

14.9769 

57.9606 

1.96723 

6.22093 

1.57001 

3.38249 

7.28736 

,258398 

H3 

3.88 

15.0544 

58.4111 

1.96977 

6.22896 

1.57137 

3.38540 

7.29363 

,257732 

Hr 

8.89 

15.1321 

58.8639 

1.97231 

6.23699 

1.57271 

3.38831 

7.29989 

.257069 

Hi! 

8.90 

15.2100 

59.3190 

1.97484 

6.24500 

1.57406 

3.39121 

7.30614 

.256410 

HI 

S.91 

15.2881 I 59.7765 

1.97737 

6.25300 

1.67541 

3.39411 

7.31288 

.255755 

w 

8.92 

15.3664 

60.2.363 

1.97990 

6.26099 

1.57675 

3.39700 

7.31861 

.265102 


S.9S 

15.4449 

60.6985 

1.98242 

6.26897 

1.57809 

3..39988 

7.32483 

.254453 


8.94 

15.5236 

61.1630 

1.98494 

6.27694 

1.57942 

3.40277 

7.33104 

.253807 

f' 

3.95 

15.6025 

61.6299 

1.98746 

6.28490 

1.58076 

3.40564 

7.33728 

.263165 


3.96 

15.6816 

62.0991 

1.98997 

6.29285 

1,58209 

3.40851 

7.34342 

.252525 

i 

8.97 

15.7609 

62.5708 

1.99249 

6.30079 

1.58342 

3.41138 

7.34960 

.251889 


3.98 

15.8404 

63.0448 

1.99499 

6.30872 

1.58475 

3.41424 

7.35576 

.251256 


3.99 

15.9201 

63.5212 

1.99750 

6.31664 

1.58608 

3.41710 

7.36192 

.250627 

It 

4.00 

16.0000 

64.0000 

2.00000 

6.32456 

1.58749 

8.41995 

7.36806 

.250000 
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n 

■rfi 


Wn 





1 

n 


4.01 

16.0801 

64.4812 

2.00250 

6.33246 

1.58872 

3.42280 

7.37420 

.249377 


16.1604 

64.9648 

2.00499 

6.34033 

1.59004 

3.42564 

7.38032 

.248756 

4.0 S 

16.2409 

65.4508 

2.00749 

6.34823 

1.59136 

3.42848 

7.38644 

.248189 

4i)4 

16.3216 

65.9893 

2.00998 

6.35610 

1.59267 

3.43131 

7.39254 

.247525 

405 

16,4025 

66.4301 

2.01246 

6.36896 

1.59399 

3.43414 

7,39864 

,246914 

4.06 

16.4886 

66.9234 

2.01494 

6.37181 

1.59530 

3.43697 

7.40472 

.246305 

4.07 

16.5649 

67.4191 

2.01742 

6.37966 

1.59661 

3.43979 

7.41080 

.245700 

408 

16.6464 

67.9173 

2.01990 

6.38749 

1.59791 

3.44260 

7.41686 

.245098 

409 

16.7281 

68.4179 

2.02237 

6.39531 

1.59922 

3.44541 

7.42291 

.244499 

4.10 

16.8100 

68.9210 

2.02485 

6,40312 

1.60052 

3.44822 

7.42896 

.243902 

411 

16.8921 

69.4265 

2.02731 

1 6.41093 

1.60182 

3.45102 

7.43499 

.243309 

4.12 

16.9744 

69.9345 

2.02978 

I 6.41872 

1.60312 

3.45382 

7,44102 

.24271 S 

4.13 

17.0569 

70.4450 

2.03224 

1 6.42651 

1.60441 

3.45661 

7.44703 

.242131 

4.14 

17.1396 

70.9579 

2.03470 

1 6.43428 

1.60571 

3.45939 

7.45304 

.241546 

415 

17.2225 

71.4734 

2.03715 

6.44205 

^ 1.60700 

3.46218 

7.45904 

.240964 

4.16 

17.3056 

71.9913 

2.03961 

6.44981 

1.60829 

3.46496 

7.46502 

.240385 

4.17 

' 17.3889 

72.5117 

2.04206 

6.45755 

1.60958 

3.‘ i 6773 

7.47100 

.239808 

4.18 

17.4724 

73.0346 

2.04450 

6.46529 

1.61086 

3.47050 

7.47697 

.239234 

4.19 

17.5561 

73.5601 

2.04695 

6.47302 

1.61215 

3,47327 

7.48292 

.288664 

4.20 

17.6400 

74.0880 

2.04939 

6.48074 ; 

1.61343 

3.47603 

7.48887 

.238095 

4.21 

17.7241 

74.6185 

2.05183 

6.48845 ' 

1.61471 

1 3.47878 

! 7.49481 

.237530 

4.22 

17.8084 

75.1514 

2.05426 

6.49615 

1.61599 

8.48154 

7.50074 

.236967 

4.23 

17.8929 

75.6870 

2,05670 

6.50385 

1.61726 

8.48428 

1 7.50666 

.236407 

424 

17.9776 

! 76.2250 

, 2.05913 

6.51153 

1.61853 

3.48703 

7.51257 

.235849 

4.25 

18.0625 

76.7656 

2.06155 

6.51920 

1.61981 

3.48977 

7.51847 

.235294 

4.26 

18.1476 

77.3088 

2.06398 

6.62687 ! 

1.62108 

' 3.49250 

' 7.52437 

.234742 

4.27 

18,2329 

77.8545 

; 2.06640 

6.53452 

1.62234 

3.48523 

7.53025 

.2.34192 

4.28 

18.3184 

78.4028 

2.06882 

6.54217 

1.62861 

3.49796 

7.53612 

.233645 

4.29 

18.4041 

78.9536 

2.07128 

6.54981 

1.62487 

8.50068 

7,54199 

1 .238100 

4.80 

18.4900 1 

79.5070 I 

2,07364 

6.55744 

1.62613 

3.50340 ; 

7.54784 

.232558 

4.31 

18.5761 ' 

80.0630 

2.07605 

6.56506 

1.62739 

3.50611 ! 

7.55 S 69 

.232019 

4.82 

18.6624 

80.6216 

2.07846 

6.57267 

1.62865 

3.50882 

7.55953 ! 

.231482 

4.38 

18.7489 

81.1827 

2.08087 

6.58027 

1.62991 

3.51153 

7.56535 i 

.230947 

4.84 

18.8356 

81.7465 

2.08327 

6.58787 

1.68116 

3.51423 

7.57117 

.230415 

4.35 

18.9225 

82.3129 

2.08567 

6.59545 

1.63241 ! 

3.51692 

7.57698 ' 

.229885 

4.86 

19.0096 

82.8819 

2.08806 

6.60303 

1.63366 

3.51962 

7.58279 

.229358 

4.37 

19.0969 

83.4535 

2.09045 

6.61060 

1.63491 

3.52231 

7.58858 

.228833 

4.38 

19,1844 

84.0277 

2.09284 

6.61816 

1.63616 

3.52499 

7.59436 

,228311 

4.39 

19.2721 

84.6045 

2.09523 

6.62571 

1.63740 ; 

3..52767 

7.60014 

.227790 

4.40 

19.3600 

85.1840 

2.09762 

6.63325 

1.63864 

3.53035 

7.60590 

.227273 

4.41 

19.4481 

85.7661 

2.10000 

6.64078 

1.6 S 988 

3.53302 

7.61166 

.226757 

442 

19.5864 

86.3509 

2.10238 

6.64881 

1.64112 

3.5 S 569 

7.61741 

.226244 

4.43 

19.6249 

86.9383 

2.10476 

6.65582 

1.64286 

3.53835 

7.62315 

.225734 

4.44 

19.7136 

87.5284 

2.10713 

6.66333 

1.64859 

3.54101 

7.62888 

.225225 

4.45 

19.8025 

88.1211 

2.10950 

6.67083 

1.64483 

3.54867 

7.63461 

.224719 

4.46 

19.8916 

88.7165 

2.11187 

6.67832 

1.64606 

3.54632 

7.64032 

.224215 

4.47 

19.9809 

89.3146 

2.11424 

6.68581 

1.64729 

3.54897 

7.64603 

.223714 

448 

20.0704 

89.9154 

2.11660 

6.69328 

1.64851 

3.55162 

7.65172 

.2232 X 4 

-1.49 

20.1601 

90.5188 

2.11896 

6.70075 

1.64974 

3.55426 

7.65741 

..222717 

4. d 0 

20.2500 

91.1250 

2,12132 

6.70820 

1.65096 

3.55689 

7.66309 

.22222 S 
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i 

n 

4.51 

20.3401 

91.7339 

2.12368 

6,71565 

1.65219 

3..55953 

7.66877 

.221730 

4.52 

20.4304 

92.3454 

2.12603 

6.72309 

1.65841 

3.56215 

7.67443 

.221239 

4.53 

20.5209 

92.9597 

2.12838 

6.73053 

1.65462 

3.56478 

7.68009 

.220731 

4.54 

20.6116 

9.3.5767 

2.13073 

6.73795 

1.65584 

3.56740 

7.68573 

.220264 

4.55 

20.7025 

94.1964 

2,13307 

6,74537 

1.65706 

3.57002 

7.69187 

.219780 

4.56 

20.7936 

94.8188 

2.13542 

6.75278 

1.65827 

3.57263 

7.69700 

.219298 

4.57 

20.8849 

95.4440 

2.13776 

G .7 G 018 

1.65948 

3.57524 

7.70262 

.218818 

4.58 

20.9764 

96.0719 

2.14009 

6.76757 

1.66069 

3.57785 

7.70824 

.218341 

4.59 

21.0681 

96.7026 

2.14243 

6.77495 

1.66190 

3.58045 

7.71384 

.217865 

4.60 

21.1600 

97.3360 

2.14476 

G .78233 

1.66310 

3.58305 

7.71944 

.217391 

' 4.61 

21.2521 

97.9722 

2.14709 

6.78970 

1.60481 

3.58564 

7,72503 

.216920 

'4.62 

21.3444 

98.6111 

2.14942 

6.79706 

1.665,51 

3.58823 

7.73061 

.216450 

4,63 

21.4369 

99.2528 

2.15174 

6.80441 

1.66671 

3.59082 

7,73619 

,215983 

4.64 

21.5296 

99.8973 

2.15407 

6,81175 

1.66791 

3.59340 

7.74173 

.215517 

4.6 a 

21.6225 

100.545 

2.1.5639 

6.81909 

1.66911 

3.59598 

7.74731 

.215054 

4.66 

21.7156 

101.195 

2.15870 

6.82642 

1.67030 

3.59856 

7.75286 

.214592 

4.67 

21,8089 

101.848 

2.16102 

6.83374 

1.67150 

3. G 0113 

7,75840 

.214133 

4.6 S 

21.9024 

102.503 

2.16333 

6.84105 . 

1.67269 

3.60370 

7.76394 

.213675 

4.69 

21.9961 

103.162 

2.16564 

6.84836 

1,67388 

3.(;0626 

7.76946 

.213220 

4.70 

22.0900 

103.823 

2.16795 

6.85565 

1.67507 

3,60883 

7.77498 

.212766 

4.71 

22.1841 

104.487 

2.17025 

6.86294 

1.67626 

3.61138 

7.78049 

.212314 

4.72 

22.2784 

105.154 

2.172.56 

6.87023 

1.6774-4 

3.61394 

7.78599 

.211864 

4.73 

22.3729 

105.824 

2.17486 

6.87750 

1.67863 

3.61649 

7.79149 

.211417 

4,74 

22.4676 

106.496 

2,17715 

6.88477 

1.679 SI 

3.61904 

7.79697 

.210971 

4.76 

22.5625 

107.172 

2.17945 

6.89202 

1.68099 

3.62158 

7.80245 

.210526 

4.76 

22.6576 

107.850 

2.18174 

6.89928 

1.68217 

3.62412 

7.80793 

.210084 

4.77 

22.7529 

108,531 

2.18403 

, 6.90652 

1.68334 

3.62665 

7.81339 

.200644 

4.78 

22.8484 

109.215 

2,18632 

' 6.91375 

1.68452 

i 3.62919 

1 7,81885 

.209205 

4.79 

22.9441 

109.902 

2.1 8861 

6.92098 

1,68569 

3.63171 

i 7,82429 

.208768 

4.80 

23.0400 

110.592 

2.19089 

6.92820 

1.68687 

8,63424 

7.82974 

; .208333 

4.81 

23.1.361 

111.285 

2.19317 

6.93542 

1.68804 

3.63676 

7,83517 

.207900 

4.82 

23.2324 

111.980 

2.19545 

6.94262 

1.68920 

3.63928 

7.84059 

.207469 

4.83 

23.3289 

112.679 

2.19773 

6.94982 

1,69037 

3.64180 

7.84601 

.207039 

4.84 

23.4256 

113.380 

2,20000 

6.95701 

1.69154 

3.644 S 1 

7.85142 

.206612 

4.85 

23.5225 

114.084 

2.20227 

6.96419 

1.69270 

3.64682 

7'.85683 

.206186 

4.86 

28.6196 

114.791 

2.20454 

6.97137 

1.69386 

3.64932 

7,86222 

.205761 

4.87 

23.7169 

115,501 

2.20681 

6.97854 

1.69503 

3.65182 

7.86761 

.205339 

4.88 

23.8144 

116.214 

2.20907 

6.98570 

1.69619 

3.65432 

7.87299 

.204918 

4.89 

23.9121 

116.930 

2.21133 

6.99285 

1.09734 

3,65682 

7.87837 

.204499 

4.90 

24.0100 

117.649 

2.21359 

7.00000 

1.69850 

3.63931 

7.88374 

.204082 

4.91 

24.1081 

118.371 

2,21585 

7.007 U 

1.69965 

3.66179 

7.88909 

.203666 

4.92 

24.2064 

119.095 

2.21811 

7.01427 

1,70081 

3 66428 

7.89445 

.203252 

4.93 

24.3049 

119.823 

2.22036 

7.02140 

1.70196 

3.66676 

7,89979 

.202840 

4.94 

24.4036 

120.554 

2 22261 

7.02851 

1.70311 

3.66924 

7.90518 

.202429 

4.95 

24,5025 

121.287 

2.22486 

7.03562 

1,70426 

3.67171 

7.91046 

.202020 

4.96 

24.6016 

122.024 

2.22711 

7.04273 

1,70540 

3.67418 

7.91578 

.201613 

4.97 

24.7009 

122.763 

2.22935 

7.04982 

1.70655 

3.67665 

7.92110 

.201207 

4.98 

24. S 004 

123.506 

2.23159 

7.05691 

1.70769 

3.67911 

7.92641 

.200803 

4.99 

24.9001 

124.251 

2.23383 

7.06399 

1.70884 

3.68157 

7.93171 

.200401 

5.00 

25.0000 

125.000 

2.23607 

7.07107 

1.70998 

3,68403 

7,93701 

.200000 
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'^0 n 

11 

1 

7. 

5.01 

25,1001 

125.752 

2.23830 

7.078X4 

1.71112 

3.68649 

7,91229 

.199601 

6.02 

25.2004 

126,506 

2.24054 

7.08520 

1.71225 

3.6SS94 

7.94757 

,199203 

5.03 

25.3009 

127,264 

2,24277 

7.09225 

1.71339 

3.69138 

7.95285 

.198807 

6.04 

25.4016 

128.024 

2.24499 

7.09930 

1.71452 

3,69383 

7.95811 

.198413 

5.05 

25.5025 

128.788 

2.24722 

7.10684 

1.71566 

3.69627 

7.96337 

.198020 

5.06 

25.6036 

129. .5.54 

2.24944 

7.11337 

1.71679 

3.69871 

7.96863 

.197629 

5.07 

25.7049 

1.30.324 

2.25167 

7.12039 

1.71792 

3.7U114 

7.97387 

.197239 

6.08 

25.8064 

131.097 

2.25389 

7.12741 

1.71905 

3.70358 

7,97911 

.196850 

5.09 

25.9081 

131.872 

2.25610 

7.13442 

1,72017 

3.70600 

7,98434 

.196464 

5.10 

26.0100 

132.651 

2.25832 

7.14143 

1.72130 

3.70843 

7.98957 

.196078 

5.11 

26.1121 

133.433 

2.26053 

7.14843 

1.72242 

3.71085 

7.99479 

,195695 

5.12 

26.2144 

134.218 

2.26274 

7.15542 

1.72355 

3.71327 

s.ooooo 

.195313 

5.13 

26.3169 

135.006 

2.26495 

7.16240 

1.72467 

3.71566 

8.00520 

.194932 

5.U 

26.1196 

135.797 

2.26716 

7.16938 

1.72579 

3.71SIG 

8.01040 

•194553 

A15 

26.5225 

136.591 

2.26936 

7.17635 

1.72691 

3.72051 

S.01559 

.394175 

5,16 

26.6256 

137.388 

2.27156 

7.18331 

1.72802 

3.72292 

8.02078 

.193798 

5.17 

26.7289 

138.188 

2.27376 

7.19027 

1.72914 

3!72532 

8.02596 

.193424 

5.18 

26.8324 

138.992 

2.27596 

7.19722 

1.73025 

3.72772 

8.03113 

.193050 

5.19 

26.9361 

139.798 

2.27S16 

7.20417 

1.73137 

3.73012 

8.03629 

.192678 

5.20 

27.0400 

140.608 

2.28035 

7.21110 

1.7324S 

3.73251 

8,04145 

.192308 

5.21 

27.1441 

141,421 

2.28254 

7.21803 

1.73359 

3.73490 

S. 04660 

.191939 

5.22 

27.2484 

142.237 

2.28473 

7.22496 

1.73470 

3,73729 

8.05175 

.191571 

5.23 

27. .3529 

143,056 

2.28692 

7.23187 

1.73580 

3.73968 

8.05689 

.191205 

5.24 

27.4576 

143.878 

2.28910 

7.23878 

1.73691 

3,74206 

8.06202 

.190840 

6.25 

27.5625 1 

1 144.703 

2.29129 

7.24569 

1,73801 

3.74443 

8.06714 

.190476 

5.26 

27.6676 ' 

145,532 

2.29347 

7.25259 

1.73912 

3.74681 i 

8.07226 

.190114 

5.27 

27,7729 

146.363 

2.29565 

7.23948 

1.74022 

3.74918 

8.07737 

.189753 

5.28 

27,8784 1 

147.198 

2.29783 

7.26636 

1.74132 

3.75158 

8.08248 

.189394 

5.29 

27.9841 

148,036 

2.30000 

7.27324 

1.74242 

3.75392 

8,08758 I 

.189036 

6..30 

28.0900 ] 

148,877 

2.30217 

7.28011 

1,74351 1 

3.75629 

8.09267 

.188679 

5.81 

28.1961 ! 

i 149.721 

2.30434 

7.28697 

1.74461 

3.75865 , 

8.09776 

■ .188324 

5.32 

28.3024 

; 150,569 

2.30651 

7.29383 

1.74570 

3.76100 

; 8.10284 ' 

.187970 

5.33 

28,4089 

, 151,419 

2.30868 

7.30068 

1.746S0 

3.76336 

1 8,10791 

.187617 

5.84 

28.5156 

I 152.273 

2.81084 

7.30753 

1,74789 

3.76571 

8.11298 

.187266 

6.85 

28,6225 

153,130 

2.31301 

7.31437 

1.74898 

' 3.76806 

' 8.11804 

.186916 

6.86 

28.7296 

! 153,991 

2.31517 

7.32120 

1.75007 

.3.77041 

8.12310 

.186567 

5.37 

28.8369 

154.854 

2.31733 

1 7.32803 

1.75116 

3.77275 

8.12814 

.186220 

5.38 

28,9444 

155.721 

2.31948 

1 7,33485 

1.75224 

3.77509 

8.13319 

.185874 

6.39 

29,0521 

; 156.591 

2.32164 

7.34166 

1.75333 

3.77740 

8.13822 

.185529 

6.40 

29.1600 

■ 157.464 . 

2.32379 

7.34847 

1.75441 

3.77976 

8.14325 

.185185 

5.41 

29.2681 

158,340 

2.32594 

! 7,35527 

1.76549 

3.78210 

8.14828 

.184843 

5.42 

29.3764 

159,220 , 

2,32809 

7.36206 

1.75657 

3.78442 

8.15329 

.184502 

6.43 

29.4849 

160.103 , 

2,33024 

7.36885 

1.75765 

3.78675 

8.15831 

.184162 

5.44 

29..5936 

160.989 

2.33238 

7.37564 

1.75S73 

3.78907 

8.16331 

.18,3824 

5.45 

29.7025 

161,879 

2.38452 

7.88241 

1.75981 

8.79139 

8.16831 

.183486 

5.46 

29.8116 

162.771 

2.33666 

7.38918 

1.76088 

3.79371 

S.17330 

.183150 

6.47 

29.9209 

163.667 

2.33880 

7,39594 

1.76196 

3.79603 

S.17829 

.182815 

5.48 

30.0304 

164.567 

2.34094 

7.40270 

1.76303 

3.79834 

8.18327 

.182482 

5.49 

30.1401 

165.469 

2.34307 

7,40945 

1.76410 

3.80065 

8.18824 

.182149 

5.50 

30.2500 

166,375 

2.34521 

7.41620 

1.76517 

3.80295 

8.19321 

.181818 
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5.51 30.3601 167.281 

5.52 30.1704 168.197 

5.53 30.5809 169.112 

6.54 30.6916 170.031 

5.55 30.8025 170.954 

5.66 30.9136 171.880 

5.57 31.0249 172.809 

5.58 31.1364 173.741 

5.59 31.2481 174.677 

5.60 31.3600 175.616 

5.61 31.4721 176.558 

5.62 31.5844 177.504 

5.63 31.6969 178.454 

5.64 31.8096 179.406 

5.65 31.9225 180.362 

5.66 32,0356 181.321 

5.67 32.1489 182.284 

5.68 32.2624 183.250 

5.09 32.3761 184.220 

5.70 82.4900 185.193 

5.71 32.6041 186,169 

5.72 32.7184 187.149 

5.78 32.8329 188,133 

5.74 32.9476 189.119 

5.75 33.0625 190.109 

5.76 83.1776 191.103 

5.77 33.2929 192.100 

6.78 83.4084 193.101 

5.79 83.5241 194.105 

5.80 33.6400 195.112 

5.81 33.7561 196.123 

5.82 33.8724 197,137 

5.83 38.9889 198.155 

5.84 84.1056 199.177 

5.85 84.2225 200.202 

5.86 34.3396 201.230 

5.87 34.4569 202.262 

5.88 34.5744 203.297 

5.89 34.6921 204.336 

5.90 34.8100 203.379 

6.91 34.9281 206.425 

5.92 35.0464 207.475 

5.93 35.1649 20S.ij28 

5.94 35.2836 209.585 

5.95 35.4025 210.645 

6.96 85.5216 211.709 

6.97 35.6409 212.776 

6.98 35.7604 213.847 

6.99 35.880r 214.922 

6.00 36.0000 216.000 


.34734 7.42294 
.34947 7.42967 
.35160 T.lSO-iO 
.35372 7.4*312 
,35584 7.44983 

7.45654 
7.46324 
7.46994 
7.47663 
7.48331 

7.48999 
7.49667 
7.50333 
7. .50999 
7.51665 


1.76624 

1.76731 

1.768.38 

1.76944 

1.77051 

1.771.57 

1.77263 

1.77369 

1.77475 

1.77581 

1.77686 

1.77792 

1.77897 

1.78003 

1.78108 

1.78213 

1.78318 

1.78422 

1.78527 

1.78632 

1.78736 

1.78840 

1,78944 

1.79048 

1.79152 

1,79256 

1.79360 

1.79463 

1.79567 

1.79670 

1.79773 
1.79876 ^ 
1.79979 
1.80082 
1.80185 

1.80288 

1.80390 

1.80492 

1.80.595 

1.S0697 

1.80799 

1.80901 

1.81003 

1.81104 

1.81206 

1.81307 

1.81409 

1.81.510 

1.81611 

1.81712 


3.80526 

3.80756 

3,80986 

3.80115 

3.81444 

3,81673 
3.81902 
3., 821 30 
3.82358 I 
3.82586 

3.82814 

3.83041 

3.83268 

3.83495 

3.83721 

3.83948 

3.84174 

3.84400 

3.84625 

3.84850 

3.S.5075 

3.8.5300 

3.85524 

3.85748 

3.85972 

3.86196 

3.86419 

3,86642 

3.86865 

3.87088 

3.87310 

3.87.532 

3.87754 

3.87975 

8,88197 

3.S8418 

3.88639 

3.88859 

3.89082 

3.89300 

3.89520 

3.89739 

3.89958 

3.90177 

3.90396 

3.90615 

3.90833 

3.91051 

3.91269 

3.91487 


8.19818 

8.20313 


.181488 

.181159 

.180832 

,180,505 

.180180 

.179856 

.179533 

,179212 

.178891 

.178571 

.1782.53 

.177936 

.177620 

.177805 

.176991 

.176678 

.176367 

.176056 

.175747 

.175439 

.175131 

.174825 

.174520 

.174216 

.173913 

.173611 

.173310 

.173010 

.172712 

.172414 

.172117 

.171821 

.171527 

.171233 

.170940 

.170649 

.170358 

.170068 

.169779 

.169492 

.169205 

.168919 

.168634 

.168350 

.168067 

.167785 

.167504 

.167224 

.166945 

.166667 


8,21303 

8,21797 

8.22290 

8.227S3 

8,23275 

8.23766 

8.24257 


2.35797 
2.36008 
2.36220 
2.36432 
2.36643 

2,36854 
2.37065 
2.37276 
2.37487 
2.37697 

2.3790S 
2.38113 7.52994 
2.38328 7.53658 
2.38.537 7. .54321 
2.!18747 7.54983 

2.389.56 
2.39165 
2.39374 
2.39.583 
2.39792 

2.40000 7.58947 j 
2.40298 7.59605 j 
2.40416 7.60263 ! 
2.40624 7.60920 
2.40832 7.61577 

2.41039 7.62234 
2,41247 7.62889 
2,41454 7.63.544 
2.41661 7.64199 
2.41868 7.64853 

2.42074 7.65506 
2.42281 7.66159 
2.42487 7.66812 
2.42693 7.67463 
2.42899 7.68115 

2.43105 7.68765 
2.43311 7.69415 
2.43516 7.70065 
2.43721 7.70714 
2.43926 7,71362 

2.44I3X 7.72010 
2.44336 7.72658 
2.44540 7.73305 
2.44745 7.739,51 
2.14949 7.74697 


8,27190 

8.27677 

8.28164 

8.28649 

8.29134 

8.29019 

8.30103 

8.30587 

8.31069 

8.31552- 

8.32034 
8.32.515 ’ 
8,32995 
8.33476 
8..33955 

8.34434 

8.34913 

8.35390 

8,3.5868 

8.36345 

8.36821 

8.37297 

8.37772 

8.38247 

8.38721 

8.39194 

8.39667 

8.40140 

8.40612 

8.41083 

8.41554 

8.42026 

8.42494 

8.42964 

8.43433 


.55645 

.56307 

.56968 

.57628 

.58288 


n2h POWERS, ROOTS, AND RECIPROCALS. 


n 


n‘i 

'S/w 

A/i^ 



^imn 

1 

n 

6.01 

36.1201 

217,082 

2.45153 

7.75242 

1.81813 

3.91704 

8.43901 

.166389 

6.02 

36.2404 

218.167 

2.45357 

7.75887 

1.81914 

3.91921 

8.44369 

.166US 

6.03 

36.3609 

219.256 

2.45561 

7.76531 

1.82014 

3.92138 

8.44836 

.165888 

6.04 

36.4816 

220.349 

2.45764 

7.77174 

1.82115 

3.92S55 

8.45303 

.165563 

6.05 

36.6025 

221.445 

2.45967 

7,77817 

1.82215 

3.92571 

8.45769 

.165289 

6.06 

36.7236 

222.545 

2.46171 

7,78460 

1.82316 

3.92787 

8,46235 

.165011 

6.07 

36 8449 

223.649 

2.46374 

7.79102 

1.82416 

3.93003 

8.46700 

.164745 

6.08 

36.9664 

224.756 

2.46577 

7.79744 

1.82516 

3.93219 

8.47165 

.164474 

6.09 

37.0881 

225.867 

2.46779 

7.80385 

1.82616 

8.93434 

8.47628 

.164204 

6.10 

37.2100 

226.981 

2.46982 

7.81025 

1.82716 

3.93650 

8.48093 

.163934 

6.11 

37.3321 

228 099 

2.47184 

7.81665 

1.82816 

3.93865 

8.48556 

,16366® 

6.12 

37.4544 

229,221 

2.47386 

7,82304 

1.82915 

3.94079 

8.49018 

.163399 

6.13 

37.5769 

230.346 

2,47588 

7.82943 

1.83015 

3.94294 

8.49481 

.163132 

6.U 

37.6996 

231.476 

2.47790 

7.83582 

1.83115 

3.94508 

8.49942 

.162866 

6.15 

37.8223 

232.608 

2.47992 

7.84219 

1.83214 

3.94722 

8.50404 

.162602 

6.16 

37.9456 

233.745 

2.48193 

7.84857 

1.83313 

3.94936 

8.50864 

.162388 

6.17 

38.0689 

234.885 

2.48395 

7.85493 

1.83412 

3.95150 

8.51324 

.162075 

6.18 

38.1924 

236.029 

2.48596 

7.86130 

1.83511 

3.95363 

8.51784 

.161812 

6.19 

38.3161 

237.177 

2.48797 

7.86766 

1.83610 

8.95576 

8.52243 

.161351 

6.20 

38.4400 

238.328 

2.48998 

7.87401 

1.83709 

3.95789 

8.52702 

,161290 

6.21 

38.5641 

239.483 

2.49199 

7.88036 

1.83808 

8.96002 

8.53160 

.161031 

6.22 

38.6884 

240.642 

2.49399 

7.88670 

1.83906 

3.96214 

8.53618 

.160772 

6.23 

38.8129 

241 .804 

2.49600 

7.89303 

1.84005 

3.96426 

8.54075 

.16051* 

6.24 

38.9376 

242.971 

2.49800 

7.89937 

1.84103 

3.96639 

8.54532 

.16025® 

6.25 

39.0625 

244.141 

2.50000 

7.90569 

1.84202 

3.96850 

8.54988 i 

.160000 

6.26 

39.1876 

245.314 

2.50200 

7.91202 

1.84300 

8.97062 

8.55444 

.15974* 

6,27 

39.3129 

246.492 

2.50400 

7.91833 

1.84398 

3.97273 

8.55899 

.15949® 

6.28 

39.4384 

. 247.673 

2.50599 

7.92465 

1.84496 

3.97484 

8.56354 

.15923® 

6.29 

39.5641 , 

248.858 

2.50799 

7.93095 

1.84594 

3.97695 

8.56808 

.15898® 

6.30 

39.6900 

1 250.047 

2.50998 

7.93725 

1.84691 

3.97906 

8.57262 

.15878® 

6.31 

39.8161 

251.240 

2.51197 

7.94355 

1,84789 

3.98116 

8.57715 

.158470 

6.32 

39.9424 

252.436 

; 2.51396 

7.94984 

1.84887 

3.98826 

8.58168 

.158228 

6.33 

40.0689 

253.636 

2.51595 

7.95613 

1.84984 

i 3.98536 

8.58620 

.167978 •: 

6.34 

40,1956 

254.840 

2.51794 

7.96241 

1.85082 

3.98746 

8.59072 

.157729 

6.35 

40.3225 

256.048 

2.51992 

7.96869 

1.85179 

3.98956 

8.59524 

.157480 

6.36 

40.4496 

257.259 . 

2.52190 

7.97496 

1.85276 

3.99165 

8.59975 

.15723® 

6.37 

40.5769 

258.475 

2.52389 

7.98123 

1.85373 

8.99374 

8.60425 

.156986 

6.38 

40.7044 

259.694 

2.52587 

7.98749 

1.85470 

3.99583 

8.60875 

.156740 

6.89 

40.8321 

260.917 

2.52784 

7.99375 

1.85567 

3.99792 

8.61325 

.156495 

6.40 

40.9600 

262.144 

2.52982 

8.00000 

1.85664 

4.00000 

8.61774 

.158250 

6.41 

41.0881 

263.375 

2.53180 

8.00625 

1.85760 

4.00208 

8.62222 

,156006 

6.42 

41,2164 

264.609 

2.53377 

8.01249 

1.85857 

4.00416 

8.62671 

.155763 

6.43 

41.3449 

265.848 

2.53574 

8.01873 

1.85953 

4.00624 

8.63X18 

.155521 

6.44 

41.4736 

267.090 

2.53772 

8.02496 

1.86050 

4.00882 

8.63566 

.165280 

6.45 

41.6025 

268.336 

2.53969 

8.03119 

1.86146 

4.01039 

8.64012 

.155039 

6.46 

41.7316 

269.586 

2.54165 

8.03741 

1.86242 

4.01246 

8.64459 

.154799 

6.47 

41.8609 

270.840 

2.54862 

8.04863 

1.86338 

4,01458 

8.64904 

.154560 

6.48 

41.9304 

272.098 

2.54558 

8;04984 

1.86434 

4.01660 

8.65350 

.154321 

6.49 

42.1201 

273.359 

2.54755 

8,05605 

1.86530 

4.01866 

8.65795 

.154083 

6.50 

42.2500 

274.625 

2.54951 

8.06226 

1,86626 

4,02073 

8.66239 

.153846 
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. n 


71^ Vn ViFi 


456^ 


i 6.61 

42.3801 ‘ 

275.894 2.55147 8.06846 

1.86721 

4.02279 

8.66683 .153610 

6.52 

42.5104 

277.168 2.55343 8.07465 

1.86817 

4.02485 

8.67127 .153374 

6.53 

42.6409 

278.445 2.55539 8.08084 

1.86912 

4,02690 

8.67570 .153139 

^ 6.54 

42.7716 

279.726 2.55734 8.08703 

1.87008 

4.02896 

8.68012 .152905 

■ . 6.55 

42.9025 

281.011 2.55930 8.09321 

1.87103 

4.03101 

8.68455 .152672 

6.56 

43.0836 

282.300 2.56123 8.09938 

1.87198 

4.03306 

8,68896 .152439 

, 6.57 

43.1649 

283.593 2.56320 8.10555 

1.87293 

4.03511 

8.693SS .152207 

6.58 

43.2964 

284.890 2.56515 8.11172 

1,87388 

4.03715 

8.69778 .151976 

6.59 

43.4281 

286.191 2..56710 8.11788 

1.87483 

4.03920 

8.70219 .151745 

6.60 

43.5600 

287.496 2.56903 8.12404 

1.87578 

4.04124 

8.70659 .151515 

■ 6.61 

43.6921 

288.805 2.57099 8.13019 

1.87672 

4.04328 

8.71098 .151286 

6.62 

43.8244 

290.118 2.57294 8.13634 

1.87767 

4.04532 

8.71537 .151057 

6.63 

43.9569 

291.434 2.57488 S.U248 

1.87862 

4.01735 

8.71976 .150330 

. 6.64 

44.0896 

292.755 2.57682 8.14862 

1.87956 

4,04939 

8.72414 .150602 

li* 6.65 

44.2225 

294.080 2.57876 8.15475 

1.88050 

4.05142 

8,72852 .150376 

6.66 

44.3556 

295.408 2.58070 8.16088 

1.88144, 

4.05345 

8.73289 .150150 

6.67 

44.4889 

296.741 2.58263 8.16701 

1.88239 

4.05548 

8.73726 .149925 

6.68 

44.6224 

298.078 2.58457 8.17313 

1.88333 

4.05750 

8.74162 .149701 

6.69 

44.7561 

299.418 2.58650 8.17924 

1.88427 

4.05953 

8.74.598 .149477 

6.70 

44.8900 

300.763 2.5SS44 8.18535 

1.88520 

4.06155 

8.75034 ,149254 

6.71 

45.0241 

.302.112 2.59037 8.19146 

1.SS614 

4.06857 

8.754(59 .149031 

6.72 

45.1584 

303.464 2.39230 8.19756 

1.8S70S 

4.06558 

8.75904 .148810 

6.73 

45.2929 

304.821 2.59422 8.20366 

1.88S01 

4.06760 

8.7(5338 .148588 

6.74 

45,4276 

306.182 2.59615 8.20975 

1.88895 

4.06961 

8.76772 .148368 

6.75 

45.5625 

307.547 2.59808 8.215S4 

1.88988 

4.07163 

1 8.77205 ,148148 

6.76 

45.6976 

308.916 2.(50000 8.22192 

1.89081 

4.07364 

8.77638 .147929 

6.77 

45.8329 

310.289 2.(50192 8.22800 

1.89175 

4.07564 

8.78071 .147711 

-.6.78 

45.9684 

311.6(56 2.60384 8.23408 

1.89268 

4.07765 

8.78503 .147493 

6.79 

46.1041 

313.047 2.60576 8,24015 

1.89361 

4.07965 

8.78935 .147275 

6.80 

46.2400 

314.432 2.60768 8.24621 

1.89454 

4.08166 

8.79366 .147059 

,6.81 

46.3761 

315.821 2.60960 8.25227 

1.89546 

4.08365 

8.79797 .146843 

■ 6.82 

46.5124 

317.215 2.61151 8.2.5833 

1.89639 

4.08565 

8.80227 .146628 

','6.83 

46.6489 

318.612 2.61343 8.26438 

1.89732 

4.08765 

8.80(557 .146413 

6.84 

46.7856 

320.014 2.61334 8.27043 

1.89824 

4.08964 

8.81087 ,146199 

6.85 

46.9225 

321.419 2.61725 8,27647 

1.89917 

4.09164 

8.81516 .145985 

6,86 

47.0.596 

322.829 2.61916 8.28251 

1.90009 

4.09362 

8.81945 .145773 * 

6.87 

47.1969 

324.243 2.62107 8.28855 

1.90102 

4.09561 

8.82.373 .145560 | 

■ 6.88 

47.3344 

325.661 2.62298 8,29458 

1.90194 

4.09760 

8.82801 .145349 j 

6.89 

47.4721 

327.083 2.62488 8.30060 

1 .90286 

4,09958 

8.83229 .145138 | 

'6.80 

47.6100 

328.509 2.62679 8.30662 

1.90378 

4.10157 

8,83636 .144928 | 

6.91 

47.7481 

329.939 2.62869 8.31264 

1.90470 

4.10355 

8.84082 .144718 1 

6.92 

47.8864 

331.374 2.63059 8.31865 

1.90562 

4.10552 

8.84509 .144509 | 

6.9S 

48.0249 

382.813 2.63249 8.32466 

1.906.53 

4.10750 

8.84934 .144300 -I 

6.94 

48.1636 

334.255 2.68439 8.33067 

1.90745 

4.10948 

8.85360 .144092 | 

6.95 

48.3025 

335.702 2.63629 8.33667 

1.90837 

4.11145 

8,85785 .143885 | 

6.96 

48.4416 

887.154 2.63818 8.34266 

1.90928 

4.1 1342 

8.86210 .143678 i! 

6.97 

48.5809 

838.609 2.64008 8.34865 

1.91019 

4.11589 

8.86634 .143472 ^ 

6.98 

48.7204 

340.068 2.64197 8.354(54 

1,91111 

4.11736 

8.87058 .14S26T 

6.99 

48.8601 

841,532 2.64386 8.38062 

1.91202 

4.11932 

8.87481 .143062 }S 

7,00 

49.0000 

343.000 2.64575 8.36660 

1.91293 

4.12129 

8.87904 .142857 | 
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n 

n- 


•Vn 



WJi 


1 

n 

-^0071 

7.01 

49.1401 

344.472 

2.64764 

8.37257 

1.91384 

4.12325 

8.88327 

.142633 

7.02 

49.2804 

345.948 

2.64953 

8.37854 

1.91475 

4.12521 

8.88749 

.142450 

7.03 

49.4209 

347.429 

2.65141 

8.38451 

1.91566 

4.12716 

8.8917! 

.142248 

7.0i 

49.5616 

348.914 

2.65330 

8.39047 

1.91657 

4.12912 

8.89592 

.142046 

7.05 

49.7025 

850.103 

2.65518 

8.39643 

1.91747 

4.13107 

8.90013 

.14184,4 

7.06 

49.8436 

351.896 

2.65707 

8.40238 

1.91838 

4.13303 

8.90434 

.141643 

7.07 

49.9849 

353.393 

2.65895 

8.40833 

1.91929 

4.13498 

8.90854 

,141443 

7.08 

50.1264 

354.895 

2.66083 

8.41427 

1.92019 

4.13695 

8.91274 

.141243 

7.09 

50.26K1 

356.401 

2.66271 

8.42021 

1.92109 

4.13887 

8.91693 

.141044 

7.10 

50.4100 

357.911 

2.66458 

8.42615 

1.92200 

4.14082 

8.92112 

.140845 

7.11 

50.5521 

359.425 

2.66646 

8.43208 

1.92290 

4.14276 

8.92531 

.140647 

7.12 

50.6944 

360.944 

2.66833 

8.43801 

1.92380 

4.14470 

8.92949 

.140449 

7.13 

•50.8369 

362.467 

2.67021 

8.44893 

1.92470 

4.14664 

8.93367 

.140258 

7.U 

50.9796 

363.994 

2.67208 

8.44985 

1.92560 

4.14858 

8.93784 

.140056 

7.15 

51.1225 

365.526 

2.67395 

8.45577 

1.92650 

4.15051 

8.94201 

.139860 

7.16 

51.2656 

367.062 

2.67582 

8.46168 

1.92740 

4.15245 

8.94618 

.139665 

7.17 

51.4089 

368.602 

2.67769 

8.46759 

1.92829 

4.15438 

8.95034 

.139470 

7.18 

51.5.524 

370.146 

2.67955 

8.47349 

1.92919 

4.15631 

8.95450 

.139276 

7.19 

51.6961 

871.695 

2.68142 

8.47939 

1.93008 

4.15824 

8.95866 

.139082 

7.20 

51.8400 

373.248 

2,68328 

8.48528 

1.93098 

4.16017 

8.96281 

.138889 

7.21 

51.9841 

374.805 

2.68514 

8.49117 

1.93187 

4.16209 

8.96696 

.138696 

7.22 

.52.1284 

376.367 

2.68701 

8.49706 

1.93277 

4.16402 

8.97110 

.138504 

7 23 

52.2729 

377.933 

2.68887 

8.50294 

1.93366 

4.16594 

8.97524 

.138313 

7.24 

52.4176 

379.503 

2.69072 

8.50882 

1.93455 

4.16786 

8.97938 

.138122 

7.25 

52.5625 

381. 078 

2.69258 

8.51469 

1,93544 

4.16978 

8.98351 

.137981 

7.26 

52.7076 

.382.657 

2.69444 

8.52056 

1.93633 

4.17169 

8.98764 

.137741 

7-.27 

52.8529 

884.241 

2.69629 

8.52643 

1.93722 

4.17361 

8.99176 1 

.137552 

7.28 

52.9984 

385.828 

2.69815 

8.53229 

1.93810 

4.17552 

8.99588 1 

.137368 

7.29 

53.1441 

387.420 

2.70000 

8.53815 

1.93899 

4.17743 

9.00000 

.137174 

7.30 

53.2900 

389,017 

2.70185 

8.54400 

1.93988 

4.17934 

9.00411 

.136986 

7.31 

53,4361 

390.618 

2.70370 

8.54985 

1.94076 

4.18125 

9.00822 

.136799 

7.32 

53.5824 ! 

392.223 

2.70555 

8.55570 1 

1.94165 1 

4.18315 

9.01233 

.136612 

7.33 

1 53.7289 

893.833 

2,70740 

8.56154 

1.94253 

4.18506 

9.01643 

.136426. 

7.34 

; 58.8736 

395.447 

2.70924 

8.56788 

1.94341 

4.18696 

9.02053 

.136240 

7.35 

54.0225 

397.065 

2.71109 

8.57321 

1.94480 

4.18886 

9.02462 

.136054 

7.36 

,54.1696 

398.688 

2.71293 

8.57904 

1.94.518 

4.19076 

9.02871 

.135870 

7.37 

54.3169 

400.316 ; 

2.71477 

„8.58487 

1.94606 

4,19266 

9.03280 

,135685 

7.38 

54.4644 

401.947 

2.71662 

f8.59069 

1.94694 

4.19455 

9.03689 

.135501 

7.39 

54.6121 

403.583 

2.71846 

8.59651 

1.94782 

4.19644 

9.04097 

.135318 

7.40 

54,7600 

405.224 

2.72029 

8.60233 

1.94870 

4.19834 

9.04504 

.185135 

7.41 

54.9081 

406.869 

2.72213 

8.60814 

1.94957 

4.20023 

9.04911 

.134953 

7.42 

55.0564 

408.518 

2.72.397 

8.61394 

1.95045 

4.20212 

9.05318 

.134771 

7.43 

55.2049 

410.172 

2.72580 

8,61974 

1.9.5132 

4.20400 

9.05725 

.134590 

7.44 

55.3536 

411.831 

1 2.72764 

8.62554 

1.95220 

4.20589 

9.06131 

.134409 

'"7.45 

55.5025 

413.494 

2.72947 

8.63134 

1.95307 

4.20777 

9.06537 

.134228 

7.46' 

55.6516 

415.161 

2.73130 

8.63713 

1.95395 

4.20965 

9.06942 

.134048 

7.47 

55.8009 

416.833 

2.73313 

8.64292 

1.95482 

4.21153 

9.07347 

.133869 

7.48 

55.9504 

418.509 

2.73496 

8.64870 

1.95569 

4.21341 

9.07752 

.133690 

7.49 

56.1001 

420.190 

2.73679 

8.65448 

1.95656 

4.21529 

9.08156 

.133511 

7.50 

56.2500 

421.875 

2.73861 

8.66025 

1.95743 

4.21716 

9.08560 

.13333S 
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Vion 


Wn ilMn 

423.565 

2.74044 

8.66603 

1.95830 

4.21904 

9.08964 

425.259 

2.74226 

8.67179 

1.95917 

4.22091 

9.09367 

426.958 

2.74408 

8.67756 

1.96004 

4.22278 

9.09770 

428.661 

2.74591 

8.68332 

1.96091 

4.22465 

9.10173 

430.369 

2.74773 

8.88907 

1.96177 

4.22651 

9.10575 

432.081 

2.74955 

8.69483 

1.96264 

4.22838 

9.10977 

433.798 

2,75136 

8.70057 

1.96350 

4.23024 

9.11378 

435.520 

2.75318 

8.70632 

1.96437 

4.23210 

9.11779 

437.245 

2.75500 

8.71206 

1.96523 

4.23396 

9.12180 

438.976 

2.75681 

8.71780 

1.96610 

,4.23582 

9.12581 

440.7U’ 

2.75862 

8.72353 

1.96696 

4.23768 

9.12981 

442.451 

2,76043 

8.72926 

1.967B2 

4.23954 

9.18380 

444.195 

2.76225 

8.73499 

1.96868 

4.24139 

9.13780 

445.994 

2.764(35 

8.74071 

1.96954 1 

4.24324 

9.14179 

447.697 

2.76586 

8.74643 

1.97040 

4.24509 

9.14577 i 

449.455 

2.76767 

8.75214 1.97126 

4.24694 

9.14976 

451.218 

2.76948 S.757S5 

1.97211 

4.24879 

9.15374 

452.985 

2.77128 

8.76356 1 

1.97297 

4.25063 

9.15771 j 

454.757 

2.77308 

8.76926 

1.97383 

4.25248 

9.16169 


5 L97‘i68 4.25i32 9.16566 
5 1.97554 4.25616 9.16963 


60.2176 467.289 2.78568 
60.S729 469.097 2.78747 
60.5284 470.911 2.78927 
60.6841 472.729 2.79106 
60.8400 474.552 2.79285 

60.9961 476.880 ,2.79464 
61.1524 478.212 2.79643 
61.3089 480.049 2.79821 
61.4656 481.890 2.80000 
61.6225 483.737 2.80179 


8.80909 1.97980 
8.81476 1.98065 
8.82043 1.98150 
8.82610 1.98234 
8.83176 1.98319 

8.83742 1.98404 
8.84308 1.98489 
8.84873 1.98573 
8.85438 1.98658 
8.86002 1.98742 


1.99666 4.30168 
1.99750 4.30348 
1.99833 4.30528 
1.9991T 4.30707 
2.00000 4.30887 
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1 

n 

.8.01 

64.1601 

513.922 

2.83019 

8.94986 

2.00083 

4.31066 

9.28704 

.124844 

8.02 

64.3204 

615.850 

2.83196 

8.95545 

2.00167 

4.81246 

9.29091 

.124688 

8.03 

64.4809 

517.782 

2.83373 

8.96103 

2.00250 

4.31425 

9.29477 

.124533 

8.04 

64.6416 

519.718 

2.83549 

8.96660 

2.00333 

4.31604 

9.29862 

.124878 

8.05 

64.8025 

521.660 

2.83725 

8.97218 

2.00416 

4.31783 

9.30248 

.124224 

8.06 

64.9636 

523.607 

2.83901 

8.97775 

2.00499 

4.31961 

9.30633 

.124070 

8.07 

65.1249 

525.558 

2.84077 

8.98832 

2,00582 

4,32140 

9.31018 

.123916 

8.08 

65.2864 

527.514 

2.84253 

8.98888 

2.00664 

4.82818 

9.81402 

.123762 

8.09 

65.4481 

529.475 

2.84429 

8.99444 

2.00747 

4.32497 

9.31786 

.123609 

8.10 

65.6100 

531.441 

2.84605 

9.00000 

2,00830 

4.32675 

9.32170 

.123457 

8.11 

65.7721 

633.412 

2.84781 

9.00555 

2.00912 

4.32853 

9.32553 

.123305 

8.12 

66.9344 

535.387 

2.84956 

9.01110 

2.00995 

4.38031 

9.32936 

.123153 

8.13 

66.0969 

537.368 

2.85132 

9.01665 

2.01078 

4.33208 

9.33319 

.123001 

8.14 

66.2596 

539.353 

2.85307 

9,02219 

2.G1160 

4.33386 

9.33702 

.122850 

8.15 

66.4225 

641.343 

2.85482 

9.02774 

2.01242 

4.33563 

9.84084 

.122699 

8.16 

66.5856 

343.338 

2.85657 

9.03327 

2.01325 

4.33741. 

9.34466 

.122549 

8.17 

66.7489 

545.339 

2.85832 

9.03881 

2.01407 

4..339I8 

9.84847 

.122399 

8.18 

66.9124 

547.343 

2.86007 

9.04434 

2.01489 

4.34095 

9.35229 

.122249 

8.19 

67.0761 

549,353 

2.86182 

9,04986 

2.01571 

4.34272 

9.35610 

.122100 

8.20 

67.2400 

551,368 

2.86356 

9.05539 

2.01653 

4.34448 

9.35990 

.121951 

8.21 

67.4041 

563.388 

2.86531 

9.06091 

2.01735 

4.34625 

9.36370 

.121803 

8.22 

67.5684 

555.412 

2.86705 

9.06642 

2.01817 

4.34801 

9.36751 

.121655 

8.23 

67.7329 

557.442 

2.86880 

9.07198 

2.01899 

4.34977 

9.37130 

.121507 

8.24 

67.8976 

559.476 

2.87054 

9.07744 

2.01980 

4.35153 

9.37510 

.121859 

8.25 

68.0625 

561.516 

2.87228 

9.08295 

2.02062 

4,35829 

9.37889 

1 .121212 

8.26 

68.2276 

563.560 

2.87402 

9.08845 

2.02144 

4.35505 

9.38268 

,121065 

8.27 

68.8929 

565.609 

2.87676 

9.09395 . 

2.02225 

4.35681 

9.38646 

.120919 

8,28 

68.5584 

567.664 

2.87750 

9.09945 

2.02307 

4.35856 

9.39024 

.120773 

8.29 

68.7241 

569.723 

2.87924 

9.10494 

2,02388 

4.36032 

9.39402 

.120627 

8.30 

68.8900 

571,787 

2.88097 

9.11043 

2.02469 

4.36207 

9.89780 

.120482 

8.81 

69.0561 

573.856 

2.88271 

9.11592 

2.02551 

4.36382 

9.40157 

.120337 

8.32 

69.2224 

675.930 

2.88444 

9.12140 

2.02632 

4.36557 

9.40534 

.120192 

8.33 

69.3889 

578.010 

2.88617 

9.12688 

2.02713 

4.36732 

9.40911 

.120048 

8.34 

69.5556 

580.094 

2.88791 

9.13236 

2.02794 

4.36907 

9.41287 

.119904 

8,35 

69.7225 

582.183 

2.88964 

9.13783 

2.02875 ^ 

4.37081 

9.41663 

.119761 

8.36 

69,8896 

584.277 

2.89137 

9.14330 

2.02956 

4,37255 1 

9.42039 

.119617 

8,37 

70.0569 

586.376 

2.89310 

9.14877 

2.03037 

4,37430 

9.42414 

.119474 

8,38 

70.2244 

588.480 

2.89482 

9.15423 

2.03118 

4.37604 

9.42789 

.119332 

8.39 

70.3921 

590.590 

2.89655 

9.15969 

2.03199 

4.37778 i 

9.43164 

.119190 

8.40 

70.5600 ^ 

592.704 

2.89828 

9.X6515 

2.03279 

4,37952 

9.43589 

.119048 

8.41 

70,7281 ' 

594.823 

2.90000 

9.17061 

2.03360 

4.38126 

1 9.43913 

.118906 

8,42 

70.8964 

596,948 

2,90172 

9.17606 

2.03440 

4.38299 

! 9.4428? 

.118765 

8.43 

71.0649 

599.077 

2.90345 

9.18150 

2.03521 

4,38473 

j 9,44661 

.118624 

8.44 

71.2336 

601.212 

2.90517 

9.18695 

2.03601 

4,38646 

, 9.45034 

,118483 

8.45 

71.4025 

603.351 

2.90689 

9.19239 

2.03682 

; 4.38819 

1 9.45407 

.118343 

8.46 

71.5716 

605.496 

2.90861 

9.19783 

2.03762 

■ 4.38992 

I 9.45780 

.118203 

8.47 

71.7409 

607.645 

2.91083 

9.20326 

2.03842 

i 4.39165 

‘ 9.46152 

.118064 

8.48 

71.9104 

609.800 

2.91204 

9.20869 

2.03923 

U.89338: 

9,46525 

.117925 

8.49 

72.0801 

611.960 

2.91376 

9.21412 

2.04003 

4.39511 

9.46897 

.117786 

8.50 

72.2500 

614.125 

2.91548 

9.21954 

2.04083 

4.89683 

' 9.47268 

,117647- 
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Violi 
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II 
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y. l 

'n - 


72.4201 

616.295 

2.91719 

9.22497 

2.0416 S 

4.39855 

9.47640 

.117509 

3.52 

72.5904 

618.470 

2.91890 

9.230 S 8 

2.04243 

4.40028 

9.48011 

.117371 

8.53 

72.7609 

620.650 

2.92062 

9.23580 

2.04323 

4.40200 

9.48381 

.117233 

8.54 

72.9316 

622.836 

2.92233 

9.24121 

2.04402 

4.40372 

9.48752 

.117096 

S .55 

73.1025 

625.026 

2,92404 

9.24662 

2.04482 

4.40543 

9.49122 

.116959 

8.56 

73.2736 

627.222 

2.92575 

9.25203 

3.04562 

4.40715 

9.49492 

.116822 

8.57 

73.4449 

629.423 

2.92746 

9.25743 

2.04641 

4.40887 

9.49861 

.116686 

'8.58 

73.61 G 4 

631 .629 

2.92916 

9.26283 

2.04721 

4.41058 

9.50281 

.116550 

8.59 

73.7 BS 1 

633.840 

2,93087 

9.26823 

2.04801 

4.41229 

9.50600 

.116414 

8.60 

73.9600 

636.056 

2,93258 

9.27362 

2.04880 

4.41400 

9.50969 

.116279 

8.61 

74.1321 

633.277 

2.93428 

9.27901 

2.04959 

4.41571 

9.51337 

.116144 

8.62 

74.3044 

640.504 

2.93598 

9.28440 

2.05039 

4.41742 

9.51705 

.116009 

8.63 

74.4769 

642.736 

2.93769 

9.28978 

2.05118 

4.41913 

9.52073 

.115875 

8.64 

74.6496 

644.973 

2.93939 

9.29516 

2.05197 

4.42084 

9.52441 

.115741 

8.65 

74.8225 

647.215 

2.94109 

9.30054 

2.05276 

4.42254 

9.52808 

.115607 

S .66 

74.9956 

649.462 

2.94279 

9.30591 

2.05355 

4.42425 

9.53175 

.115473 

8.67 

75,1«)89 

651.714 

2,94449 

9.31128 

2.05434 

4.42595 

9.53542 

.115340 

8.68 

75.3424 

653.972 

2.94618 

9.31665 

2.05513 

4.42765 

9.53908 

.115207 

8.69 

75.5161 

656.235 

2.94788 

9.32202 

2.05592 

4.42935 

9.54274 

.115075 

8.70 

75.6900 

658.503 

2.94958 

9.32738 

2.05671 

4.43105 

9,54640 

.114943 

8.71 

75.8641 

660.776 

2.95127 

9.33274 

2.05750 

4.43274 

9.5,5006 

.1148 U 

8.72 

76.0384 

663.055 

2.95296 

9.33809 

2,05828 

4.43444 

9.5.5371 

.114679 

8.73 

76.2129 

665.339 

2.95466 

9.34345 

2.05907 

4.43614 

9.53780 

.114548 

a .74 

76.3876 

667.628 

2.95635 

9.34880 

2,05986 

4.43783 

9.56101 

.114417 

3.75 

76.5625 

669.922 

2.95804 

9.35414 

2.06064 

4.43952 

9,56466 

: .114286 

8.76 

76.7376 

672.221 

2.95973 

9.35949 

2.06143 

4;44121 

9.56830 

■ .114155 

8.77 

76.9129 

674.526 

2.96142 

9.36463 

2.06221 

4.44290 

9.57194 

: .114025 

, 8.78 

77.0884 

676.836 

2.96311 

9.37017 

2.06299 

4.44459 

9. .57557 , 

1 .113895 


77.2641 

679.151 

2.96479 

9.37550 

2.06378 

4.44627 

9.57921 ' 

1 .118766 

8.80 

77.4400 

681.472 

2.96648 

9.38083 

2.06456 

4.44796 

9.58284 

1 .113636 

8.81 

77.6161 

683.798 

2.96816 

9.3 S 616 

2.06534 

4.44964 

9.r58647 ' 

1 .113507 

, 8.82 

77.7924 

686.129 

2.96985 

9.39149 

2.06612 

4.45133 

9.59009 

.113379 

.8.83 

77.9689 

688.465 

2.971.53 

9.39681 

2.06690 

4.45301 

9.59372 

.1132.50 

8.84 

78.1456 

690.807 

2.97321 

9.40213 

2.06768 

4.45469 

' 9.59734 

.113122 

8.85 

78.3225 

693.154 

2.97489 

9.40744 

2.06846 

4.45637 

9.60095 

.112994 

8. 86 

78.4996 

695.506 

2.976.58 

9.41276 

2.06924 

4.45805 

, 9.60457 

.112867 

8.87 

78.6769 

697.864 

2.97825 

9.41807 

2.07002 

4.45972 

9,60818 

.112740 

8.88 

78.8544 

700.227 

2.97993 

9.42338 

2,07080 

4.46140 

1 9.6 U 79 

.112613 

8.89 

; 79.0321 

702.595 

2.98161 

9.42868 

2.07157 

4.4630 T 

9.61540 

.112486 

8.90 

79,2100 

704.969 

2.98329 

9.43398 

2.07235 

4.46474 

9.61900 

.112860 

8.91 

79.3881 

707.348 

2.98496 

9.43928 

2.07313 

4.46642 

1 9.62260 

.112233 

8.92 

79.5664 

709.732 

2.98664 

9.44458 

2.07390 

4.46809 

9 62620 

.112108 

8.93 

79.7449 

712.122 

2,98331 

9.44987 

2.07468 

4.46976 

9.62980 

.111982 

8.94 

79.92.36 

714.517 

2.9 S 998 

9.45516 

2.07545 

4.47142 

9.68339 

.111857 

8.95 

80.1025 

716.917 

2.99166 

9.46044 

2.07622 

4.47309 

9.63698 

.111732 

8.96 

' 80.2816 

719.323 

2,99333 

9.46573 

2.07700 

4.47476 

9,64067 , 

.111607 

8.97 

80.4609 1 

‘ 721.734 

2,99500 

9.47101 

2.0777 T 

1 4.47642 

9.64415 1 

.111483 

8.98 

80.6404 

724.151 

2.99666 

9,47629 

2.07854 

1 4,47808 

9.64774 j 

.111339 

S .99 

S 0.8201 

726.573 

2.99833 

9.48156 

2.07931 

4.47974 

9.65132 

.111285 

9.00 

81.0000 

729.000 

3.00006 

9.48683 

2.08008 

1 4.48140 

9.65489 

.mill 
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.n09S8 
.1 10S05 
.IJGT'Sr 

.110620 

,110497 


9.03 


9.04 


9 .06 


9.07 


9.10 


9.13 


9.14 


9 . 1 .^ 


9.16 


9.19 


9.29 


9.30 


9.46 


9.47 


81.1801 I 731.433 
81.3604 I 733.871 
81.5409 I 73C.314 
81.721G 1 738.763 
81.9025 j 741.218 


82.0836 

82.2649 

.82.4464 

82.6281 

82.8100 


743.677 
746.143 
748.613 
7.51 .089 
753,571 


82.9921 

83.1744 

83.3569 

83.5396 

83.7225 


7.56.0.58 
7.58.551 
761 .048 
763.552 
766.061 


83.9056 

84.0889 

84.2724 

84.4561 

84,6400 


768.575 

771.095 

773.621 

776.152 

778.688 


8.00167 

3.00333 

3.00500 

3.00666 

3.00832 


8.00998 

3.01164 

3.01330 

3.01496 

3.01662 


3.01828 

3.01993 

3.02159 

3.02324 

3.02490 


3.02655 

3.02820 

3.02983 

3.03150 

3.03315 


3.03480 

3.03645 

3.03809 

3,03974 

3.04138 


3,04302 

3.04467 

3.04631 

3.04795 

3.04959 


3.05123 

3.05287 

3.05450 

3.05614 

3.05778 


3,05941 

8.06105 

3.06268 

3.06431 

3.06594 


3.06757 

3,06920 

3.07083 

3,07246 

3.07409 


3.07571 

3.07734 

3.07896 

3.08058 

3.08221 


9.49210 

9.49737 

9.50263 

9.50789 

9.51315 


9.51840 

9.52365 

9.52890 

9.53415 

9:53939 


9.54463 

9.54987 

9.55510 

9.56033 

9.56556 


9.57079 

9.57601 

9.58123 

9.58645 

9.59166 


9.59687 

9.60208 

9.60729 

9.61249 

9.61769 


9.62289 

9.62808 

9.63328 

9.63846 

9.64863 


9.64883 

9.65401 

9.65919 

9.66487 

9.66954 


9.67471 

9.67988 

9.6B504 

9.69020 

9.69536 


9.70052 

9.70.567 

9.71082 

9.71597 

9.72111 


9.72625 

9.73139 

9.73853 

9.74166 

9.74679 


2.0S085 

2.08162 

2.08239 

2.08316 

2.08393 


2.08470 

2.08546 

2.08623 

2.08699 

2.08776 


2.08852 

2.08929 

2.09005 

2.09081 

2.09158 


2.09234 

2.09810 

2.09386 

2.09462 

2.09538 


2.09614 

2.09690 

2.09765 

2.09841 

2.09917 


2.09992 

2.10068 

2.10144 

2.10219 

2.10294 


2.10370 

2.10445 

2.10520 

2.10595 

2.10671 


2.10746 

2.10821 

2.10896 

2.10971 

2.11045 


2.11120 

2.11195 

2.11270 

2.11344 

2.11419 


2.11494 

2.11568 

2.11642 

2.11717 

2.11791 


4.48306 I 9.65347 ' 
4.48472 1 9.66204 I 
4.48638 I 9.66561 
4,48803 ; 9.6691 h 
4.48968 9.67274' I 

4.49134 9.67630 j 
4.49299 1 9.679m; ' 
4.49464 I 9.6>)312 
4.49629 , 9.(;h;97 | 
4.49794 I 9.69052 , 

.4.49959 j 9.694U7 j 
4,50123 I 9.69762 ' 
4.50288 9.70116 I 
4.50452 : 9.70470 I 
4,50616 j 9.70824 i 

4.50780 ! 9.71177 
4.50945 I 9.71.531 
4.51108 9.71884 
4.51272 9,72236 
4.51436 9.72589 


4.51599 

4.51763 

4.51926 

4.52089 

4.52252 


9.T294I 

9.73293 

9.73645 

9.73996 

9.74348 


4.52415 

4.52578 

4.52740 

4.52903 

4.53065 


9.74699 

9.75049 

9.75400 

9.75750 

9.76100 


4.53228 

4.53390 

4.63552 

4.58714 

4.53876 


9.76450 

9.76799 

9.77148 

9.77497 

9.77846 


4.54038 

4.54199 

4.54361 

4.64522 

4.54684 


9.78195 

9.78543 

9.78891 

9.79239 

9.79586 


.110375 

.U02f.4 

.110132 

.110011 

.109890 


.109770 

.109649 

.109529 

,109409 

.109290 


.109170 

.109051 

.108933 

.108814 

.108696 


.108578 

.108460 

,108342 

.108225 

.108108 


.107991 
.107875 
.107759 
.107643 
.107527 


.107411 

.107296 

.107181 

.107066 

.106952 


.106838 

.106724 

.106610 

.106496 

.106383 


.106270 

.106157 

,106045 

.105932 

,105820 


,105708 

.305597 

.105485 

.305374 

.305263 


84.8241 

85.0084 

85.1929 

85.3776 

85.5625 


7S1.230 

783.777 

786.330 

788.889 

791.453 


85.7476 

85.9329 

86.1184 

86.3041 

86.4900 


794.023 

796,598 

799.179 

801.765 

804.357 


86.6761 

86.8624 

87.0489 

87.2356 

87.4225 


806.954 

809.558 

812.166 

814.781 

817.400 


87.6096 

87.7969 

87.9844 

88.1721 

88.3600 


820.026 

822.657 

825.294 

827,936 

830.384 


88.5481 

88,7364 

88.9249 

89.1186 

89.3025 


833.238 

835.897 

838.362 

841,232 

843.909 


89.4936 

89.6809 

89.8704 

90,0601 

90.2500 


846,591 

849.278 

851.971 

854.670 

857.375 


4.54846 

4.55006 

4.55167 

4.55328 

4.55488 


g.79933 

9,80280 

9.80627 

9.80974 

9.81320 


4.55649 

4.55809 

4.55970 

4.56130 

4.56290 


9.81666 

9.82012 

9.82357 

9.82703 

9.83048 
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n 


•1?,3 

Vn 



^IWn 

^IQOn 

i . 

n 

. 9.51 

90.4401 

860.085 

3.08383 

9.7.5192 

2.11865 

4.56450 

9.83392 

.105153 

9.52 

90.6304 

862.801 

3.08545 

9.75705 

2.11940 

4.56610 

9.83737 

.105042 

9.55 

90.8209 

865.523 

3.08707 

9.76217 

2.12014 

4.56770 

9.84081 

.104931 

9.54 

91.0116 

868.251 

3.08869 

9.76729 

2.120SS 

4.56930 

9.84425 

,104822 

9.6.5 

91.2025 

870.984 

3.09031 

9.77241 

2.12162 

4.57089 

9.84769 

.104712 

9.56 

91.3936 

87.'{.723 

3.09192 

9.77753 

2,122.36 

4.572-49 

9.S5113 

,104603 


91.5849 

S76.4(;7 

3.09354 

9.78264 

2.12310 

4.57408 

9.85456 

.10-1493 

9.5S 

91.7764 

879.218 

3.09516 

9.78775 

2.12384 

4.57568 

9.85799 

.10-4384 

9.59 

91.9681 

881.974 

3.09677 

9.79285 

2.12458 

4.57727 

9.86142 

.104275 

9.00 

92.1600 

S84.736 

3.09839 

9.79796 

2.12532 

4.57886 

9.86485 

.104167 

9.61 

92.3521 

887.504 

3.10000 

9.80306 

2.12605 

4.58045 

9.86827 

,104058 

9.62 

92.5444 

890.277 

3,10161 

9.80816 

2.12679 

4.58203 

9,87169 

.103950 

9.63 

92.7369 

893.056 

3.10322 

9.81326 

2.12753 

4.58362 

9.87511 

.103842 

9.6'i 

92.9296 

895.841 

3.10483 

9.81 S35 

2.12826 

4.5S.521 

9.87853 

.103734 

0.65 

93.1225 

898.632 

3.10644 

9.82344 

2.12900 

4.58679 

9.8S105 

.103627 

9.66 

93.3156 

901.429 

3.10805 

9.82853 

2.12974 

4.58838 

9.88536 

.103521) 

9.67 

93.5089 

904.231 

3.10966 

9,83362 

2.13047 

4.58996 

9.8SS77 

.103413 

9.68 

93.7024 

907.039 

3.11127 

9.83870 

2.13120 

4.59154 

9.89217 

.103306 

9.69 

93.8961 

909.853 

3.1128S 

9.84878 

2.13194 

4.59312 

9.89558 

.103199 

9.70 

94,0900 

912.673 

3.11448 

9.84SSG 

2.13267 

4.59470 

9.S9S9S 

,103093 

9.71 

94,2841 

915.499 

3.11609 

9.85393 

2.13340 

4.5962S 

9.90238 

.102987 

9.72 

94.4784 

918.830 

3.11769 

9.85901 

2.13414 

4.59786 

9.90578 

.102881 

9.73 

94.6729 

921 .167 

3.11929 

9.86408 

2.13487 

4.59943 

9.90918 

.102775 

9.74 

94.8676 

924.010 

3.12090 

9.86914 

2.13560 

4.60101 

9.91257 

.102669 

9.75 

95.0625 

926.859 

3.12250 

9.87421 

2.13633 

4.60258 

9.91596 

.102564 

9.76 

95.2576 

929.714 

3.12410 

9.87927 

2.13706 

4.60416 

9.91935 

; .102459 

9.77 

95.4529 

932.575 

3.12570 

9.88433 

2.13779 

4.60573 

9.92274 

1 .102354 

9.78 

95.6484 

935.441 

3.127S0 

9.8S9S9 

2.13852 

4.60730 

9.92612 

1 .102250 

9.79 ' 

95.8441 

938.314 

3.12'890 

9.SG444 

2.13925 

4.60887 

9,92950 1 

' .102145 

9.80 

96.0400 

941.192 

8.13050 

9.89949 

2.13997 

4.61044 

9.93288 

.102041 

9.S1 

96,2361 

944.076 

3.13209 

i 9.90454 

2.14070 

4.61200 

9.93026 

.101937 

9.82 

96.4324 ' 

946.966 

3.13369 

9.90959 

2.U143 

4.61357 

9.93961 

.101833 

9.83 

96.6289 

949.862 

3.13.528 

9.91464 

2.14216 

4.61513 

9.94301 

.101729 

9.84 

96.8256 1 

952.764 

3.13688 

9.91968 

2.14288 

4.61670 

9,94638 

.101626 

9.83 

97.0225 

955.672 

3.13847 

9.92472 

2.14361 

4.61826 

9.94975 

.101523 

9.86 

97.2196 

958.585 

3.14006 

9.92975 

2.14-133 

4.61988 

9.95311 

.101420 

9.87 

97.4169 

961.505 

3.14166 

9.9.34T9 

2.14506 

4.62139 

9.95648 

.101317 

9.88 

97.6144 

964.430 ! 

3.14325 

9,93982 

2.14578 

4.62295 

9.96984 

.10121.5 

9.89 

97.8121 

967.362 

3.14:484 

9.94485 

2.14651 1 

4.62451 

9.96320 

. .101112 

9.90 

98.0100 

970,299 

3.14643 

9.94987 

2.14723 

4.62607 

9.96655 

j .101010 

9.91 

98.2081* 

973.242 

3.14802 

9,95490 

2.14795 

4.62762 

9.96991 

.100908 

9.92 

98.4064 

976.191 

3.14960 

9.95992 

2.14867 

4.62918 

9.97326 

.100807 

9.93 

98.6049 

979.147 

3.15119 

9.96494 

2.14940 

4,63073 

9.97661 

.100705 

9.94 

98.8036 

982.108 

3.15278 

9.96995 

2.15012 

4.63229 

9.97996 

.100604 

9.95 

99.0025 

985.075 

3.15436 

9.97497 

2.15084 

4.63384 

9.98331 

.100503 

9.96 

99.2016 

988.04S 

3.15595 

9.97998 

2.15156 

4.63539 

9.98665 

.100402 

8.97 

99.4009 

991.027 

3,15753 

9.98499 

2.15228 

4.63694 

9,98999 

.100301 

9.98 

99.6004 

994.012 

3 15911 

9,98999 

2.15300 

4.63849 

9,99333 

.100200 

9.99 

99.8001 

997.003 

3.16070 

9.99500 

2.15,372 

4.64004 

9,99667 

.100100 

10.00 

100.000 

1000.00 

3.16238 

10.0000 

2.16443 

4.64159 

10.00(K> 

.100000 
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DECIMAL EQUIVALENTS. 


■ DECIMAL EQUiVAte NTS OF 64ths« 

The decimal fractions printed in large type give the esacl 
v^alue of the corresponding fraction to the fourth deciinal 
place. A given decimal fraction is rarely exactly equal tv 
any of these values, and the numbers in small type show 
which common fraction is nearest to the given decimaL 
Thus, lav off the fraction .1330 in 64ths. The nearest deciniai 
fractions are .1250 and .1406. The value of any fraction in 
small type is the mean of the two adjacent fractions, in 
this instance the mean fraction is .1328, and as .1330 Is greater 


than t 

his. .1406 

or A 

will he chosen 

In the 

same 

manner 

the nearest G4ths corresponding to the decimal 

fractions .3670 

and .8979 are found to 

be and respective! 

y* 


Prac- 

tioa 

Dtcimal 

Frac- 

tion 

Decimal 

Frac- 

tion 

Decimal 

Frac- 

tion 

Decimal 


.007B 


.2.578 


.5078 


.7578 

A 

.0156 

.0235 

u 

.2656 

,2735 

M 

.5156 

.5235 

II, 

.7656 

.7735 


.0313 


.2813 

1 7 

.5313 

§f 

. .7813 


.0391 

.2891 


.5391 


.7891 


.0469 

If 

.2969 

u 

.5469 

u 

.7969 


.0547 


..3047 


.5547 


.8047 


.0625 

.0703 


.3125 

.3203 

■TS 

.5625 

.5703 

li 

. .8125 

.8203 


.0781 

%k 

.3281 


.5781 

II 

.8281 

.0860 

.3360 


.5860 


.8360 


.0938 

u 

.3438 


.5938 

U 

.8438 

.1016 

.3516 

.6016 


.8516 


.1094 

u 

.3594 

11 

.6094 

If 

.8594 


.1172 

.,3672 

6172- 


,8672 


.1250 

I 

.3750 

i 

.6250 


.8750 


.1328 


.3828 


,6328 


.8828 


.1406 

u 

.3906 


,6406 

M 

.8906 

.1485 

.3985 ! 

.6485 

.8985 


.1563 

If 

.4063 

§1 

.6563 

If 

.9063 

.1641 

4141 i 

.6641 


.9141 

ll 

.1719 

; u 

.4219 

If 

.6719 

If 1 

.9219 

,1797 

.4297 i 


.6797 

1 

.9297 

'h . 

.1875 

■xrf 

.4375 

il 

.6875 

ft 

.9375' ■ 

.1953 

.4433 

.6953 


.94SS' 


.2031 


.4531 

If 

.7031 

M 

.9631 ■ ■ 

.2110 

.4610 

.7110 


,9610 


.2188 

M 

.4688 

M 

.7188 

II, ' 

.9688 . „■■- 


.2266 

! .4766 

.7266 


.9786' 

If ^ 

.2344 

II 

, ,4844 

U 

.7344 

^ M /j 

.9844 

.2422 

, .4922 


.7422 


.9922"' :•■...■" 

1 

.2500 

1 

! .5000 

i 

.7500 

' ,1 '■ 

1.0000 

.2578 

.5078 I 


.7578 


1.0078 
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MENSURATION. 


In the following formulas, the letters .have the meaiimgs 
here given, unless otherwise stated, 

D larger diameter; 

== smaller diameter; 

S ^ radius corresponding to 1); 
f =« radius corresponding to d: 
p = perimeter or circumference; 

C — area of convex surface = area of flat surface which can 
be rolled into the shape shown; 

S: = area of entire surface = C -f area of the end or ends; 

-'I, area of plane figure; 

r « 3.1416, nearly = ratio of any circumference to its diam- 
eter; 

F ==: volume of solid. 

The other letters used will he found on the cuts. 


CiROLE. 

p = r d = 3.1416 d. 
p = 2 tr r = G.2S32 r. 

p 2 - 3.5-149 l/Z 

2 A A_A 

d • 






3.1416 ■ 


.3183 p. 


d = 21^^^ = 1.1284 /a. 




56-12]/ A. 

A = ^ = .7854 dA 

■ , , 4. 

A ^ 3.1416 r2. 

2 ^ 21 ^ pd 



MENSUBATION. 


rT^ iA/X The above letters refer to angles. 
For a right-angled triangle, c being the 
hypotenuse, 


h^Vc‘^-a\ y±y 

c = length of side opposite an acute angle 
of an oblique-angled triangle. 


p====%==n=:a h ~ y 

c = length of side opposite an obtuse angle ; 
of ail oblique-angled triangle. 

c == •[/ a2-{- 

h = i/a23^. ‘ 

For a -triangle inscribed in a semicircle; i. e. 
angled triangle, 

c:b::a:h. 


For any triangle, 


RECTANGLE AND PARALLELOGRAM. 


MENSURATION. 
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, TRAPEZOID. 
d == 


TRAPEZIUM. 

Divide into two triangles and a trapezoid. 

or, A = -^[67i'4.c;i + a(/i^+A)]. 

Or, divide into two triangles by drawing 
a diagonal. Consider the diagonal as the 
„ , 'base of both triangles, call its length 1: 

cal! the altitudes of the triangles h and h,; then 
A = (hi -f- 




ELLIPSE. 

= TT- -IZES! 
\ 2 8.8 * 

A = ~Dd = .7854 Dd. 




SECTOR. 

A = -llr. 

.008727 

I = length of arc. 


SEGMENT. 


A = 
A = 

I == 
E== 


i [It ~-c(r — h)], 
7rr2E c, 

360 2 

nr E 

.0175 rE. 


180 

ISOZ 


^ = 57.2955- 

jrf T 



of an ellipse cannot be exactly determined 
without a very elaborate calculation, and this formula is 
merely an approximation giving fairly close results. 




MENSURATION 


CHORD. 

c — length of chord. 
c^ + 4/t" (S- 


approximately 


HELIX. 

To construct a helix, 

I = length of helix; 
n — number of turns; 
i — pitch. 


CYLINDER, 


FRUSTUM OF CYLINDER. 

sum of greatest and least heights. 


dh + j d“ -\- area of elliptical top. 



mensuration. 
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GONE. 

C,-' ~ rrrL 

S ~ n- tI ~f TT = 7T r 'f,/ -f TT r^. 

V - !L^ V - - •'^^54^2 A _ p^ h 
"'4^3 3 ■“ £^* 

FRUSTUM OF CONE. 

(7= ■H(P-fp) - + 

,^ = I P (-D + c^) + -I (DH#)]. 

F= |(D2 + i5d + rf2)xiA 
= .2618 h (D3 + i>c? 4- dS). 





SPHERE. 

(S = ff d2 == 4 ^ ,,.2 ~ 12.6664 r2. 

F= = .5236(^3 = 4.1888 r^. 



PRISMOID. 

A prisiQoid is a solid having two parallel plane ends, the 
edges of which are connected by plane triangular or quadri- 
lateral surfaces. 
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A = area one end; 

« = area of other end; 

\ ^ of section midway betvrcen ends; 

I =5 perpendicular distance between ends. 
V = il(A + a + 4m). 

The area w is not in g-cneral a mean between the areas 
the two ends, but its sides are means between the correspo 7 :d» 
ing lengths of the ends. 

Approximately, v = 1. 


REGULAR PYRAMID, 
P =, perimeter of base; 
A — area of base. 


To obtain area of base, divide it into triangles, and find 
their sum. 

The formula for V applies to any pyramid whose base is 
A and altitude h. 


FRUSTUM OF REGULAR PYRAMID. 

a = area of upper base; 

S T A = area of lower base; 

j p == perimeter of upper base; 

,1 -P = perimeter of lower base. 

M- C'=-H(P + p). 

S == xi(p^p) _j. 
V~^h{A-ha+i/Aa). 
nula for V applies to the frustum of any pyramid. 


length of spiral. 


n — number of coil; 
I — length of spiral; 
t = pitch. 


MENSUEATION. 
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f»RSSM OR PARALLELOPIPED. 

' , e = Ph. 

, s = ,p;h-2A. 

F= Ah. , 

lor prisms with regular polygon as 
bases, P == length of one sid e X number of sides. , 

To obtain area of base, if it is a polygon, divide it into tri- 
angle;?; and find sum of partial areas. 


REGULAR POLYGONS. 

Di Vide the polygon i nto equal triangles and find the sum of 
the partial areas. Otherwise, square the length of one side 
alia multiply by proper number from the following table: 

Name. No. Sides. Multiplier. 


Triangle 

3 

.433 

S(:inare 

4 

1.000 

Pentagon 

5 

1720 

Hexagon 

6 

2.598 

Heptagon 

'7 

3.634 

Octagon 

8 

4.828 

Nonagon 

9 

6.182 

Decagon 

10 

7.694 


IRREGULAR AREAS. 

Divide the area into trapezoids, triangles, parts 
of circles, etc., and find the sumof the partial areas. 

If the figure is very irregular, the approximate 
area may be found as follows : Divide the figure 
into trapezoids by equidistant parallel lines 5, c, d, 
etc. The lengths of these lines being measured, 
then, calling a the first and n the last length, and 
y the width of strips, 

Area + b + c -f etc.+ 


FRUSTUM OF PRISM. 

If a section pdrpendieular to the edges is a 
triangle, square, parallelogram, or regiilar polygon, 
sumofleipgthsofedges 

^ = “number omiST- 

section. 
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MECHANICS. 



FALLING BODIES. 

82.16 = constant acceleration due to the attrac- 
tion of the earth; 

number of seconds that the body falls; 
velocity in feet per second at the end of the 
time t; 

distance that the body fails during the time L 
V ^ = 1/251 - 8.02 V'Jl 


PROJECTILES. 

The formulas under this and the preceding heading are 
rigidly true only for bodies moving in a vacuum or in space 
(as the stars and planets); they are approximately true for 
bodies moving in air, pro^dded they are dense and the 
velocity is not very great. Fairly good results may be ob- 
tained by applying the formulas for projectiles in calculating 
the range of a jet of water issuing from a small orifice in the 
side of a vessel. 

Let g = 32.16 = acceleration due to gravity; 

V = initial velocity in feet per second; 

r s= range; 

y = vertical height ofstarting point above ground; 

A = elevation in degrees = angle that the direction 
of the projectile at the start makes with the 
horizontal. 

Then the range, or distance from the starting point to the 
point where the projectile crosses a horizontal line through 
the starting point, is 

r = — sin 2 A. 

9 


Let g ^ 
t «= 

V = 

h = 
Then, 


MECHANICS. 




CENTEE' OP GRAVITY. 
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, If tlie bods’* is projected in a horizontal direction, the-range 
is the distance from the starting point to the point where the 
1'^ proJeGtile strikes the ground, and 

. r = = ,2ms 

The range of a projectile fired in a horizontal direction, 
30 ft. above the ground, with a velwity of 300 ft. per second, 
i equals r == .24938 X 300 X V 30 = 409.77 ft. 




CENTRIFUGAL FORCE. 

F = centrifugal force in pounds; 

IF= weight of revolving body in pounds; 
r == distance from the axis of motion to the center of 
gravity of the body in feet; 

N = number of revolutions per minute; 

V =» velocity in feet per second. 




11 ^ 

gr 


.00034 Fr ATS. 


In calculating the centrifugal force of flywheels, it is 
customary to neglect the arms and take r equal to the mean 
radius of the rim; in such cases IF is taken as one-half the 
weight of the rim. The result thus obtained, divided by jt, is 
apxjroximately the force tending to burst the flyvdieel rim. 

Example.-— W hat is the force tending to burst a flywheel 
rim weighing 7 tons, making 150 rev. per min., and having 
a mean radius of 5 ft.? 

Solution.— 




.00034 X (I X 7 X 2,000) 5 X 150^ 
3.1416 


= 85,227 lb. 


CENTER OF GRAVITY. 

The center of gravity of a body, or of a system of bodies, is 
that point from which, if the body or system were suspended, 
it would be in equilibrium. 

If a line or a surface has tAvo axes, or a solid has three axes 
of symmetry, the center of gravity lies at their point of inter- 
section, and corresponds Avith the geometrical center of the 
figure. 
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MECHANICS. 


An axis of symmetry is any line so drawn that, if part of 
the figure on one side of the line is folded on this line, it will 
coincide exactly with the other part, point for point and line 
for line. Thus, in Fig, 1, if the part a b is folded on the line 
A B, the upper half will coincide exactly with the lo’,ver 
half; also, if 6 c is folded on the line CJJ, the right-hand half 
will coincide exactly \\ith the left-hand half. Hence, ihe 
point 0 where A B and C' D intersect is the centei- of gravity 
of the rectangle abed. If the figure has one axis of 
symmetry, the center of gravity maybe found as follows: Let 



Fig. 1. Fig. 2. Fig. 3. 


m be an axis of symmetry of the area in Fig. 2 . The center 
of gravity will lie somewhere on this line. Draw any lino A B 
perpendicular to mn. Divide the area into squares, rect- 
angles, triangles, parallelograms, circles, etc., whose centers 
of gravity are easily found, and measure the perpendicular 
distances of these centers of gravity from, the line A B. Add 
the sum of the products obtained by multiplying each area 
hy the distance of its center of gravity from the line A B, and 
divide by the area of the entire figure; the result is the dis- 
tance X of the center of gravity from A B measured on m n, 
or the point F. 

If the figure has no axis of symmetry, as in Fig. 3, draw any 
line, as A B, and find the distance x of the center of gravity 
from A B, and through x draw / <7 parallel to A B. Choose any 
other line, C D, and find the distance y of the center of gravity 
from D D by the same method, and through y draw rn n 
parallel to C B. The point of intersection oof /g and 771 71 is 
the center of gravity. 

Thus, suppose that the area of the triangle, Fig. 3, is 
A sq. in., and the distance of its center of gravity from A Ff is 



a in., and from C D, o-i in.; that the area of the small 
is B sq. in., and the distance of its center of gravity from A 
is b in., and from OD is 5i in.; that the area of the large 
angle is C sq. in,, and the distance of its center of gravity 
from .d B is c in., and from CD is Ci in.; then, 
o. = UXa) + (B X h) + iCxc) 

A+B + C 

and = UXai) + (DX5i)4-(CXc i) 

, A-^B+C 

^ To find the center of gravity mechanically, suspend the 
object from a point near its edge and mark on it the direction 
of a plumb-line from that point; then suspend it from another 
. point and again mark the direction of a, plumb-line. The 
intersection of these two lines will be directly over the center 
of gravity. 

The center of gravity of a body ha\ing parallel sides may 
be found by drawing the outline of one of the sides upon 
heavy paper, and cutting out the exact shape of the figure. 
Then suspend the paper from the two points and find 
center of gra\dty, as in the last ease. 

The center of gravity of a triangle lies on a line drawm 
from a vertex to the middle point of the opposite side, and 
at a distance from that side equal to one-third of the length 
of the line. Or, draw a line from another vertex to the 
middle point of the side opposite, and the intersection of the 
two lines wdll he the center of gravity. 

For a parallelogram, the center of gravity is at the inter- 
section of the two diagonals. 

^ For an irregular four-sided figure, draw a diagonal, divi- 
ding it into two triangles. Draw a line joining these centers 
of gravity. Draw the other diagonal, dividing the figure 
into two other triangles, and join the centers of gravity by 
straight line. The intersection of these lines is the 
of gravity of the figure. 

For a figure having more than four sides, 
of gravity by the general method explained 
. with Fig. 3. . 
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syrcmcietry) and at a distance from fhe center equal to ttie 
length of the chord multiplied by the radius and divided 
by the length of the arc. 

' ' 2 r 

For a semicircle, the distance from the center =■= — 

.0366 r, when r = the radius. 

For the area included in a half circle, the distance of the 
center of gravity from the center = ~ = .4244 r. 

For circular sector, the distance of the center of gravity 
from the center equals two-thirds of the length of the chord 
multiplied by the radius and divided by the length of the arc. 

For a circular segment, let A be its area and C the length 
of its chord; then the distance of the center of gravity from 

the center of the circle is equal to 

For a solid having three axes of sjunmetry, all perpen- 
dicular to each other, like a sphere, cube, right paralleio- 
piped, etc., their point of intersection is the center of gravity. 

For a cone or pyramid, draw a line from the apex to the 
center of gi'avity of the base; the required center of gravity 
is one-fourth the length of this line from the base, measured 
on the line. 

For two bodies, the larger weighing W lb., and the smaller 
P lb., the center of gravity will lie on the line joining the 
centers of gravity of the two bodies and at a distance from the 

larger body equal to where a is the distance between 

the centers of gravity of the two bodies. 

For any number of bodies, first find the center of gravity of 
two of them as above, and consider them as one weight whose 
center of gravity is at the point just found. Find the center 
of gravity of this combined weight and a third body. So 
continue for the rest of the bodies, and the last center of 
gravity will be the center of gravity of the whole system of 
bodies. 
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MOMENT OF INERTIA. ■ 

The moment of inertia of a body dr section is a mathetnatical 
expression that is mnch used in computations relating to 
rotating bodies and to the strength of materials. 

' It may be defined as follows: 

The moment of inertia of a body, rotating about a given axis, 
is the sum of the products obtained by multiplying the weights of 
the deinentary particles of which it is composed by the square of 
their distances from the axis. 

It is often desirable to use the moment of inertia for a plane 
section; but as a plane surface has no weight, it is apparent 
that the above definition does not correctly apply. The fob 
lowing- definition applies to plane surfaces: 

The moment of inertia of a plane surface about a given axis is 
the sum of the products obtained by multiplying each elementary 
areas into which the surface may be conceived to be divided by 
the square of its distance from the axis. 

The axis about which the body or surface rotates, or is 
assumed to rotate, i. e., the axis from which the distance to 
each area or particle is measured, is called the axis of rotation. 
The least moment of inertia is that value of the moment of 
inertia of a body or section when the axis of rotation passes 
through the center of gra^nty, since its value is less for that 
position of the axis than for any other. 

To find the moment of inertia of a body about a given axis: 

Divide the body or section into many small parts and multiply 
the weight or area of each part by the square of the distance from 
its center of gravity to the axis of rotation; the sum of these 
products will be the moment of inertia. 

Note.-— T he results obtained by the above rules are really 
only approximate; for practically it is impossible to divide 
a body or surface into parts sufficiently small for absolute 
accuracy. The smaller the parts the more accurate will be 
the result; but the results obtained by these rules will always 
he slightly too small. 

The momenl" of inertia is usually designated by the letter X 

Formulas for the values of J about an axis of rotation 
passing through the center of gravity of the section are given 
for various forms of sections in Table Y, page 153. 
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The 3]QiOment of inertia about an axis of rotation not* 
passing through the center of gravity is equal to the momerd oj 
wertia about a 'parallel axis through the center of gravity pfe 
tne product of the entire ivdgkt of the body [or area of the section) 
multipUed by the square of the distance between the two axes. 

I'ix AMPLE.— -It is desired to find the moment of inertia of a 
6" I-beam of the dimensions shown in Fig. 1 about an axis 
X y perpendicular to the web of the beam at the center. 

Solution.— Since the axis about which the moment of 
inertia is to be found is an axis of sym- 
metry of the beam, it is necessary to 
make the computations only for the 
half section of the beam lying at one 
side of the axis, and multiply the 
result by 2. As stated before, the 
smaller the parts into which the area 
is divided, the more accurate will be 
the result. 

It will be sufficiently accurate for 
present purposes to divide the section 
in the manner shown in Fig. 2. 

The operations are given at the side 
of the figure, and will be readily under- 
stood. The sum of the products is the approximate value of 
the moment of inertia of this half of the section about the 
axis xy, and when multiplied by 2 is the approximate value 
of I for the entire section. It is found to equal 23.444. 




Square of 



Area. 

Distance. 


3.50 X 

.25 = .875 

.875 X 2.8752 = 

7.232 

3.27 X 

.125 = .409 

.409 X 2.6672 ^ 

2.907 

.23 X 

.50 = .115 

.115 X 2.502 

.719 

.23 X 

.50 = .115 

.115 X 2.002 = 

.460 

.23 X 

.50 = .115 

.115 X 1.502 === 

.259 

.23 X 

.50 = .115 

.115 X 1.002 = 

.115 

.23 X 

.50 = .115 

.115 X 0.502 = 

.029 

.23 X 

.25 = .058 

.058 X 0.1252 = 

.001 


1.917 

■,.■■11.722 


■ 2 


2 


A = zMi 

J= 23.444 
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. if tae web ol the beam is divided into areas in. in 
iieigiic (instead of h in.), the value of 1 obtained will be 
2S.4r> in. Jf the section is considered to be of the form indi- 
cated by the dotted lines in Fig. 1, and to have the same area 
as the original section, tlien, by the formula for the moment of 
inertia of an I-bcam given in Table V, page 153, the value of 
r - X 6^ - 3.27 X 5.25" 


CENTER OF OSCILLATION. 

The center of oscillation of a pendulum or other body 
vibrating or rotating about a fixed axis or center is that 
point at which, if the entire weight of the body were con- 
centrated, the body would continue to vibrate in the same 
intervals of time. 

When a pendulum, or other suspended body, is oscillating 
backward and forward, it is plain that those partaeles that 
are farther from the point of suspension travel through 
greater distances, and therefore move with greater velocities 
than those particles that are nearer the point of suspension. 


If it is desired to find 

the moment of inertia * 4 -H 

of a body about a given ~f ' 

axis with referen(3e to :f — \ BJ 

the weight of the body, iT”“\ 

the process is substan- ^ 

tially the same as in \ fi 

the example given for 

the plane section, ex — LliAiiiX B 

cept that the weight of 

each small part of the Fig. 2. 

body is taken instead 

of the area of each small part of the section. 


t-b-f — si [ 4 

yl-blT — *“> I 

illisilg \i % 
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But there is evidently some point on the' pendulum that 
travels through the same distance and has the same velocity 
as the average distance and average velocity of ail the par- 
ticles. This point is called the center of oscillation; it is not 
situated at the center of gravity. It always exists in the bail 
of a revolving governor or other rotating body. The axis or 
center aroxind which the body rotates (corresponding to the 
point of suspension in pendulum) is the ctxis qf rotation. 

The distance from the axis, or center of rotation, to the 
center of oscillation is sometimes called the true length of the 
pendulum; it is also called the radius of oscillation; the latter 
name is preferable. To find the radius of oscillation: 

Divide the moment of inertia of the body about the given axis 
of rotation by the product of the total weight of the body, multi- 
plied by the distance from the given axis to the center of Qravitn 
of the body. - 

The centers of oscillation and of rotation (point of suspen- 
sion) are interchangeahle. If the position of a pendulum is 
reversed, and suspended from its center of oscination, the 
pendulum will vibrate in the same intervals of time. 

Example. It is desired to find the position of the center 
of oscillation of a wrought-iron bar 1 in. square and 12 in. 
long, axis of rotation perpendicular to the bar at one end: 


CENTEE OF PEECITSSION. 
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boLTTiON.™For the purposes of the example it will be 
s-dinciently accurate to find the moment of inertia bv eon- 
sidering the bar to be divided into 12 equal cubes,' each eon- 
taming 1 cu. in. of metal, as indicated in the figure, and the 
tveight of each cube to be concentratedat its center of gravity. 

^ The weight of l cu. in. of wrought iron is .281 lb., and of a 
oar 1 in. square and 1 ft. long it is .281 X 12 = 3 372 lb 
Hence, I ^ .281 x .5^ + .281 X 1.52 + etc. == 161.572. (See 
page 128.) The exact value of I is 161.856; this shows that 
the approximate method is very close. 

According to the rule previously given, if the moment of 
mcrtia is divided by the product of the weight of the body, 
ov the distance from the axis of rotation to the center of ' 

gravity, the quotient will be the radius of oscillation. 

Therefore, the distance from the exact center of oscillation 
of a wrought-iron bar, 1 in. square and 12 in. long, to an axia 
of rotat] on perpendicular to the end of the bar, is 
161.856 
7r^-rr7‘ == 

0.3/2 X 6 

or two-thirds Of the length of the bar. 

The value of J for a bar of any cross-section, provided it is 
uniform throughout its length, revolving about an axis per- 
’ pendieular to it and passing through its end, is 

■ El. 

'■ . ' . . 3 ’ 

in which W is the weight of the bar, and I is its length. 

Hpticp' r 3.372 X 12^ 

Mence, I = _ = ^ 161.856. 

If the axis passes through the center of gravity of the bar, 

I^El ' 

12 * 

CENTER OF PERCUSSION. 

The center of peremdon ^iVCk respect to a given axis of 
rotation may be defined as the point of application of 
resultant of the forces that cause the body to rotate. It is 
that point at which if a, force is applied, the force will have- 
no efi'ect at the axis of rotation. 
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Strike anything solid, as an anvil, with a stick. If the 
end. of the stick hits the anvil, the opposite end will sting 
your hand and will jerk in the direction in which the blow is 
struck; if the center of the stick hits the anvil it will again 
sting your hand, but you will jerk it in a direction oppo.site 
to the movement of the blow. But somewhere between the 
end and the center of the stick will be a point where it may 
hit the anvil and not sting your hand at all. This point is 
the center of percussion. 

Level off the surface of some wet sand and lay a strip of 
board upon it (say 18 in. long and 8 in. wide). Strike or 
press the board near the center and the entire length of the 
board will be imprinted in the sand; but press it near one 
end and the opposite end will be raised up from the sand 
and -will make no imprint. Between the center and the end 
of the board is a point that if pressed upon will cause no 
movement in the opposite end, i. e., the end of the board 
will neither press into the sand nor be lifted from it, but the 
imprint in the sand -will diminish to zero at the end of 
the board. The point pressed or struck will be the center 
of percussion. If the board is of uniform width, the center 
of percussion will be at one-third of the distance from one 
-end of the board. 

Similarly in the preceding illustration, if the stick is of uni- 
form size and weight, and your hand grasps it at one end, the 
point at w'hich it can strike the anvil without affecting your 
hand will be at one-third the distance from the opposite end. 

In all cases the center of percussion is identical with the center 
of oscillation, and its position is found in the same manner. 

Example.— -It is desired to find the position of 
the center of oscillation or percussion of two balls 
fastened upon a rod. The first, weighing 2 lb., is 
at a distance of 18 in. from the axis of rotation, 
and the second, weighing 1 lb., is at a distance of 
36 in. from the axis. (See figure. ) 

Solution.— F or simplicity, the rod will be 
assumed to have no weight. Consider the weight 
of each ball to be concentrated at its center of 
gravity. 



radius OF' GYRATION. 
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The moment of inertia is found as follo ws. 


4 



. Bf. Disi. 


■,.'j - 

2 X 182 = 

648 


. 1 X 362 

1,296 



1,944 


The center of gravity of the two balls is found to be at a 
distance of G in. from the larger, or 24 in. from the axis of rota- 
tion (see page 124), and the combined weight of the two balls 
is 2 f 1 = g lb. Therefore, the center of percussion is found 

to be at a distance of = 27 in. from the axis of rotation. 

But, in an actual case, the rod would have weight, and its 
moment of inertia must be considered as well as the moment 
of inertia, of the balls. 


If we assume that the rod is of steel, in. in diameter and 
36 in. long, it will weigh {|)" X .7SM X 36 X .283 = 1.125 lb. 
.283 lb. is the weight of 1 cu. in. of steel. 


Using the formula given on page 129, 
inu 1.125X 362 
/ = = .= 4se, 

Adding this result to the former, 1,944 -f 486 = 2,430 = 
moment of inertia of rods and balls. The center of gravity 
of the combination is found by the formula (see page 124) 

PTU”* 24 - 1/r = 22^^ in. 

= distance from end of rod to center of gravity. 

Applying the rule given for finding the center of oscilla- 
tion, the distance of the center of percussion from the end of 


the bar is 


(1 -f 2 + 1.125) X 22iV 


= 26.34 in,, very nearly. 


RADIUS OF GYRATION, 

The cc7it€r of gyration is that point in a revolving body at 
which, if the entire mass of the body were concentrated, the 
moment of inertia with respect to a given axis would be the 
same as in the body. 

An ounce of cork occupies about 94 times as much space as 


J 
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an ounce of platinum; but the ounce of platinum can have 
the same moment of inertia as the ounce of cork, if its center 
of gyration, has the same position with respect to the axis of 
rotation. 

TM center of gyration is not at the center of gravity, nor at 
the center of oscillation, hut at some point in a straight line 
between those centers. . 

The radius of gyration is the distance from the axis of 
rotation to the center of gyration. 

The square of the radins of gjuation is the average of the 
squares of the distances from the axis of rotation to each ele- 
mentary particle of the body, or to each elementary area of the 
section, as the ease may he. But the sum of these squares of 
distances, multiplied by the weight or area of each ele- 
mentary part, equals the moment of inertia; therefore, the 
moment of inertia divided by the weight of the body or area 
of the section equals the square of the radius of gyration; the 
square root of this quotient is the radius of gyration. 

But, according to the rule for finding the radius of oscil- 
lation, the quotient obtained by dividing the moment of 
inertia by the weight or area equals the product of the dis- 
tance from the axis of rotation to the center of gravity, mul- 
tiplied by the radius of oscillation; and, therefore, the radius 
of gyration is a mean proportional between these distances. 

If the distance from the axis of rotation to the center of 
gravity is known, and the radius of oscillation is known, the 
radius of gyration may be found by multiplying these two 
known distances together and extracting the square root of 
the product. 

In the example of the I-beam, Fig. 2, page 126, the sum of 
the areas of the half section of the beam is 1.917, and the 
area of the entire section is 3,834 sq . in. Therefore, the radius 
of gyration of this beam about an axis t hrou gh the center of 

gravity perpendieular to the web = = 2.47 in. 

In the example of the iron bar 12 in. long (see figure, 
page 128), the distance from the axis of rotation to the center 
of gravity is 6 in., and the radius of oscillation was found to 
equal 8 in. Therefore, the radius of gyration about an 
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axis perpendicular to the bar at one end == y 6 x 8 = 6.9Sin. 
Or,^ the moment of inertia of the bar == 161.586, and the 
weight of the bar = 8.372 lb. Therefore, the radius of gyra- 

/tci coo , : ■ 

tion == = 6.93 very, nearly. . 

The radius of gyration, is used in determining the strength 

of columns. ^ The axis must be taken in such a direction that 
the result will be the least radius of gyration of the column; 
tMs condition is usuallj’’ obtained when the axis is perpen- 
dicular to the least diameter or side of the column. 

The various relations between these quantities may be 
concisely expressed by the following formulas, in which 
A = area of section (or weight of body if the weight is used); 
g == distance from axis of rotation to center of gravity; 

G == radius of gyration; 

To = radius of oscillation; 

I = moment of inertia. 

Then, 


To find the radius of oscillation, radius of gyration, and 
moment of inertia, experimentally. 

The connecting-rod of an engine is represented in the 



figure. It is desired to find the moment of inertia of the rod 
about an axis of rotation through the center of the cros^ead 
pin A. ' 

This may be accomplished, experimentally, as followa* 
Suspend the rod from the crosshead pin in such a rnannei 
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that it will swing freely; cause it to swing, or oscillate, and 
note the exact time of the vibrations. Remove ilic crosshead 
pin and reverse the rod, but, instead of suspendiiig it by the 
crankpin, suspend it hy a movable pin B, that can be elamr.ed 
at any desired point upon the rod. C is another vie^v of this 
pin. There will be a point on the rod from which ii may bo 
suspended by means of the movahlc pin, so that it wiU vibra le 
in exactly the same intervals of time as wlien suspeiidtid from 
the erosshead pin. This p(jint is the caiter of for 

the center of oscillation and the center of rotation are inter- 
changeable; the point will be found at about one-third the 
length of the rod from the crankpin. Find this center of 
oscillation, experimentally, and carefully measure rho dis- 
tance from the center of the movable pin to the center of the 
erosshcad-pin hole. This distance is the radius of oscillaUmi 
= r„. Next remove the movable pin. and hnd the center of 
gravity (lengthwise) of the rod by balancing it across a knife 
edge, and measure the distance from the center of gravity 
thus found to the center of the crosshead-piii hole; this dis- 
tance = g. Finally, weigh the rod. 

The product of the weight (= A), the radius of oscillation 
{ - rf , and the distance from the center of crosshead pin (axis 
of rotation) to the center of gravity (= g) will be the moment 
of inertia. For, by the formula, J = A y The radius of 
gyration G may be found by the formula 

^ or <? == 


MOMENT OF RESISTANCE. 

If the moment of inertia of the cross-section of a beam is 
divided by the distance from the neutral axis (see definition 
on next page) to the extreme fiber, i. e., the fiber that is far- 
thest from the axis, the quotient will be the quantity known 
as the moment of resistance. 

It is evident that, if a beam is strained by a vertical load, 
the greatest stress will be in the extreme upper and lower- 
fibers of the beam. 


moment of resistance. 135 

m ‘lie stress that can be borne bytheestreme 

fibe-s IS the limit of the strength of the beam. 

street, and the lower fibers are 

fetretciicd, but somewhere along or near the center of a 

Tertieal section of the beam, the fibers are neither extended 
nor compressed; the portion of these fibers is called the 
l utial surjace, and the line where this neutral surface intcr- 

2c(Ln 

The neutral axis passes through the center of grarttv of 

the section. ■ 

moment of resistance is multiplied by the amount of 

stress that may be allowed per square inch upon the extreme 
pier, aie product will represent the efficiency of the beam 
. to resist bending moment. 

. 'Ex.tpipi.E.~-RefeiTing to the 6" I-beam, Figs. 1 and 2 
pagjs 126 and 127, for which the moment of inertia of the 
section has been foimd, it is desired to ascertain the load that 
' a V, roiight-iron beam of the same dimensions as Fig. 1 will 
• carry at the center of a span S ft. between supports. 

">3 moment of re.sistance for the section = 

g — / .So. Ill Table II, page 151, the ultimate strength or 

fiber stress for wrought iron is given as 50,000 lb. per sq. in, 
and in Table I, page 151, the factor of safety given for 
wrought iron under a .steady stress is 4; therefore, the safe 

fiber stress for wrought iron = | = = 12,500 lb. per 

sq. in., and the moment of resistance multiplied by the safe 
fiber stress, or ~ = 7.83 x 12,500 = 97,875 in.-lb. But f = 

8 ft., or 96 in.; equating the bending moment for a load at- 
the center of a beam with the moment of resist- 


j with the moment of resist- 

Wl ,, 96 ir 

then ^ 97,875; there- 


ance, or putting Jf = = S then 97.875; there- 

fore, TF = 4,078 Ib., the load that can be safely supported at the 
center of the beam. 
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MECHANICAL POWERS. 

FzW^^l-. L, FL^ 


w w-ElE. 

ji ^ ^ __ ^ 

n = number of revolutions of large gear. 
nin' = r' : M. 
viv' = rr' : RF'. 

V «= velocity of W; v' = velocity of F. 


Wrr'r'* 


B R' R"' 


rr'r^'' 

rr'r'':RE'R'f. 

« radii of the pinions; 

3, «= radii of the wheels. 
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let di and qb represent the magnitudes and diree- 

nous of two forces tliat act to move the 

body 6. By completing the parallel- A 

ogram there will be obtained a diagonal 

force /5, tvhose magnitude and direction \ 

are equal to the eifeet produced by d 5 and 
qh, /his called the resultant of 6 and qh. 

If three or more forces act in different directions to 
move a body 5, find the resultant of 
' ■ ' ' two of them, and consider it as 

Px. 1 ^ single force. Between this and the 

2iext force find a second resultant. Thus, 
and rb are magnitudes and 
directions of the forces, pb qb -j-rb^ 

+ r6 == /5, the magnitude and direc- 
tion of the three forces, p b, q 5, and r 6, 


A SINGLE FIXED PULLEY. 

W, 

V = ?/. 

V -= velocity of W\ v' ^ velocity oiF. 




A SINGLE MOVABLE PULLEY. 

F I ff” == 1 : 2, or P = I ff: 

If the force F be applied at a and act 
upwards, the result will be the same. 
v' = 2 V, 

V = velocity of Wi v' = velocity of F, 


A DOUBLE MOVABLE PULLEY. 

Pr Tr= 1 : 4, orP=,| BV,., 

Let u = number of parts of rope, not 
counting the free end. 

F ^ W -- u. V : v' = 1 ; u, , 

V = velocity of W; v' = velocity of P. 
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QUADRUPLE MOVABLE PULLEY. 


Let V, = number of parts of rope, not 
counting the free end; then, 


velocity of W\ v' = velocity of F. 


COMPOUND PULLEY. 

u == number of movable pulleys. 


velocity of W\ v' — velocity of F. 


DIFFERENTIAL PULLEY. 

2PR 


AN OBLIQUE FIXED PULLEY. 

F \ ir = 1 : 2 cos 


1F= 2FC0SS. F 


INCLINED PLANE. 


WEDGE. 

force required to drive the wedge; 
resistance. 



KECHANIGAL POWERS. 
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SCREW. 

P = pitch Of the screw; 
r =» radius on which the force Pacts. 
PrTP:,:,P:27r?'. 


P = 


w-p 

2 n r' 


TF = 


27rrP 



WORK. 

^ Work is the overcoming- of resistance through a distance. 
The unit of work is the foot-pound; that is, it equals 1 pound 
raised -vertically 1 foot. The amount of work done is equal to 
the resistance in x->ounds multiplied by the distance in feet 
through which it is overcome. If a body is lifted, the resist- 
ance is the weight or the overcoming of the attraction of 
gi'avity, the work done being the weight in pounds multiplied 
by the height of the Hit in feet. If a body moves in a hori- 
zontal direction, the work done is the friction overcome, or 
the force needed to move a resistant body or combination oi' 
bodies, multiplied by the distance moved. In order to com- 
pare the ditferent amounts of work done by difl’erent systems 
offerees, time is also considered. 

One horsepower is 550 ft.-lb. of work in 1 second, or 33,000 
ft.-lb. in 1 minute, or 1,980,000 ft.-lb. in 1 hour. 

The work necessaiy to be done in raising a body weighing 
IF lb. through a height of h ft. equals Wh ft.-lb. The total 
work that any moving body is capable of doing in being 


brought to rest equals its kinetic energj^ or ip!, -when v is 
the velocity in feet per second. 


Thus, the work that a cannon ball weighing 800 lb. and 
traveling with a velocity of 1,200 ft. per sec. could do, is 

-^35^ = 17,910,447 ft. -lb. 

If stopped in 1 min., the horsepower would be 17,910,447 
33.000 = a42.,S, neariv. 


J 
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FORCE OF A BLOW. 

In order to determine the force of a, blow, the Telocity of 
the object at the instant of striking must be known, and also 
the time required to bring the body to rest. It is a very 
difficult matter to determine the exact time, but a close 
a,pproximation to the striking force may be obtained by 
dividing the kinetic energj^ of the body at the instant of st ri~ 
king by the average amount of penetration or compression 
produced by the striking body. 

Let F = striking force in pounds; 

W == weight of striking body in pounds; 

V ~ velocity of striking body in feet per second; 

JB = distance penetrated or amount of compres- 
sion = the distance through which the resist- 
ance acts, in feet; 

i — time required to bring the body to rest; 

h ==■ height in feet which would produce the veloc- 
ity V, 

Then. = S 

’ gt^ 2gR E 

Example.— A steam hammer weighing 1,000 lb. (with its 
piston) falls from a height of 8 ft., and compresses a piece of 
iron ^ in.; what is its striking force? 

Solution.— If gravity he considered as the only force 
acting, the steam on top of the piston being used to prevent 
a rebound of the hammer, 

__ JVh 1,000 X 8 

E - (i -4- 12) ^ 

Divide \ in. by 12, to obtain the amount of compression 
in feet or parts of a foot. 


: 1,000 X 8 X 8 X 12 == 768,000 lb. 


BELTINa 

J) == diameter of larger pulley in inches; 
d = diameter of smaller pulley in inches; 

N » revolutions per minute of larger pulley; 
n =5 revolutions per minute of smaller pulley; 

W =* width of double belt in inches; 
w width of single belt in inches; 

JST =» horsepower that can be transmitted by the belt 


BELTING. 


u: 


Then, -S' = for single belts., 

^ "T^l” double belts. 

_ ->750 if 2.75Q:Jg~ 

■DN dn ' 

1,925 if 1,925 .g 
BN ~ ~~d^- 

r, 2,750Lr, 

^ == 

y. 1,925' ^ _ 

B WN double belt. 

2,750 

^ vH) belt. 

1,925 If ^ 

js = “1^ for double belt. 

The above rules are for open belts and pulleys having aie 
same diameter, the arc of contact being, in this case, half the ' 
cmcumference, or 180°. For open belts and pulleys of different 
diameters, the arc of contact is less than ISO^ on the smaller 
■pulley, and a different constant, to be taken from the fol- 
lowing table, must be substituted in the formulas. To ffnd 
the arc of contact, let I be the distance in inches betw'een the 

centers of tie pulleys. Then, = cosineofhalftheangie 

Find this half angle from a table of natural cosines, and 


Degrees. 


Fraction of 
Circumference. 


Single Belt i Doiibl e Belt 
Constant, i Constant. 


90 

112X 

120 

135 

150 

15714 

180 to*'270 


K = .25 




S contact in degrees, 

hmd the number m the first column of the tubie, which is 
nearest to this result, and use the constant corresponding to 
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that number. If a table of natural cosines is not at band, 
measure the length of the arc of contact on the smaller T)Ul!ey 
and divide it by the circumference of the pulley. Fitid the 
fraction in the second column that eorrcsiwnds uc-arest to 
this result, and opposite this its corresponding oc»nstaiu. 

EXAMPLE.—What muk be the width of a single belt to 
transmit 12 horsepower, when the dianiet(‘r of the larger 
pulley is -12 in., of the smaller pulley 2U in., distance between 
their centers 14 ft. -- 168 in., and 11. P. of smal ler pulley 150? 

Solution.— = -OtlalS == cosine of half the arc of 

2 X loS 

contact, which thus == SQ°lo', nearly; 86° 15' X 2 - 
are of contact; the nearest number in the table is 180°. and i 
■ . ^ , 2,750X 12 ... 

corresponding constant is 2, /uO; hence, lu = 'oq"7’]5o' 

Oak-tanned leather makes the best belts. ^Vhen belts are 
run with the hair side over the pulley, they hare grea 
adhesion. 

The ordinary thickness of leather belts is yl- in., and 
their 'weight is about CO lb. per cu. ft. 

Ordinarily, four-ply cotton belting is considered equivalent 
to single-leather belting. 


RULES FOR CALCULATING THE SPEED OF GEARS 
OR PULLEYS. 

In calculating for gears, multiply or divide by the diameter 
or the number of teeth, as may he required. In calculating 
for pulleys, multiply or divide by their diameters in inches. 

The driving wheel is called the driver, and the driven 
wheel the driven ov follower. 

Problem I. 

The revolutions of driver and dri'v’en, and the diameter of 
the driven, being given, required the diameter of the driver. 

Multiply the diameter of the dnven by its number of 
revolutions, and divide by the number of revolutions of the driver. 
Problem IL 

The diameter and revolutions of the driver being given, 
required the diameter of the driven to make a given number 
of revolutions in the same time. 


PUMPS. 


m 


Role. — Multiply ike diameter, of the dnver bp its number Qf ^ > ! 

revolutions, and divide the product by the required number of 
revolutions. 

Peoblem III. ■ / . ' 

The diameter or number of teeth, and number of revoln- | 

tions of the driver, with the diameter or number of teeth of 
the driven, being' given, required the revolutions -of the 
driven. . 

the diameter or number of teeth of the driver ; 

by its number of revolutions, and divide by the diameter or num- | 

■ber of teeth of the driven. 

. ’PROBLEM IT, ■ ; ■ j 

The diameter of driver and driven, and the number oi '. a 

revolutions, of the driven, being given, required the number 'I 

o,f revolutions of .the driver. ' \ 

Rale. — Multiply the diameter of the driven by its number of ■ ■ 

Tcvoluiiofis,. and divide by the diameter of the driver. 

PUMPS. 

In all pumps, whether lifting, force, steam, single-acting, 
double-acting, or centrifugal, the number of foot-pounds of 
work performed by the pump is equal to the weight of the 
water discharged in pounds, multiplied by the vertical dis- 
tance in feet between the level of the water in the well or 
source and the point of discharge, plus the work done in 
overcoming the friction and other resistances. (It is assumed 
that the water is delivered with practically no velocity.) 

To find the discharge of a pump in gallons per minute: . 

Let T — piston travel in feet per minute; ' li 

d = diameter of cylinder in inches; " jj 

G = number of gallons discharged per minute. ,'l 

Then, G = .03264 7#. |j 

To find the horsepower of a pump, use the following ‘! 

formula, in which 7 and d are the same as above, and h is the 
vertical distance in feet between the level of the water at 
the source and the point of discharge: 

H. P. = .00033724 G h = .00001238 7# A; | 

In both the above formulas,, allowance has been made for I 

friction, leakage, etc. q 
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DUTYc 

The duty of a pump is the number of foot-pouiids of work 
actually done for 100 lb. of coal burned. 

Dutv — 835.53 

where W — weight of coal burned, in pounds. 


HYDBOMECHANICa 


HYDROSTATICS. 

Hydrostatics treats of liquids at rest under the action of 
forces. If a liquid is acted on by a pressure, the pressure per 
unit of area exerted anywhere on the mass of liquid is trans- 
mitted undiminished in ail directions, and acts with the 
same force on all surfaces, in a direction at right angles to 
those surfaces. 

General law for the Downward Pressure on the Bottom of Any 
Vessel.— The pressure on the bottom of a vessel containing a 
liquid is independent of the shape of the vessel, and is equal 
to the weight of a prism of the liquid whose base is the same* 
as the bottom of the vessel, and w^hose altitude is the distance 
between the bottom and the upper surface of the liquid, plus • 
the pressure per unit of area upon the upper surface of the 
liquid multiplied by the area of the bottom of the vessel. 

Genera! Law for Upward Pressure.— The upward pressure on 
any submerged horizontal surface equals the weight of a 
prism of the liquid whose base has an area equal to the area of 
the submerged surface, and whose altitude is the distance 
between the submerged surface and the upper surface of the 
liquid, plus the pressure per unit of area on the upper surface 
of the liquid multiplied by the area of the submerged surface. 

General Law for Lateral Pressure.— The pressure on any ver- 
tical surface due to the weight of the liquid is equal to the 
weight of a prism of the liquid whose base has the same area 
as the vertical surface, and whose altitude is the depth of the 
center of gravity of the vertical surface below the level of 
the liquid. Any additional pressure is to be added, as in the 
previous cases. 


hybeomechanics. 
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Pressars m Oblique Surfaces.— The pressure exerted by a 
liquid in any direction on a plane surface is equal to the 
weight of a prism of the liquid whose base is the projection 
of the surface' at right angles to the given direction, and 
whose height is the depth of the center of gravity of the 
surface below the level of the liquid. 

If a cylinder is filled with water, and a pressure applied, 
the total pressure on any half section of the cylinder is equal 
to the projected area of the half cylinder (or the diameter 
multiplied by the length of the cylinder) multiplied by the 
depth of the center of gravity of the half cylinder, multiplied 
by the weight of a cubic inch of water, plus the diameter of 
the shell, multiplied by the pressure per square inch, multi- 
plied 'by the length of the cylinder. 

If d = the diameter, and I = the length of the cylinder, 
the pressure due to the weight of the water when the 

cylinder is vertical upon the half cylinder = d X ^ X | X the 

weight of a cubic inch of water = d X ^ X the weight of a 
cubic inch of water; d and I are to be measured in inches. 

The pressure in pounds per square inch due to a head of 
water is equal to the head in feet multiplied by .434. 

The head equals the pressure in pounds per square inch 
multiplied by 2.304. 

Example. — (a) What is the pressure per square inch cor- 
responding to a head of water of 175 ft. ? (5) If the pressure 
had been 90 lb. per sq. in., what would the head have been? 

Solution,— (a) 175 x ,434 = 75.95 lb. per sq. in. 

(6) 90 X 2.304 = 207.36 ft. 


HYDROKINETICS. 

Hydrokinetics, also called hydrodynamics and hydraulics, 
treats of water in motion. When water flows in a pipe, con- 
duit, or channel of any kind, the velocity is not the same at 
all points of the flow, unless all cross-sections of the pipe or 
channel are equal. That velocity which, being multiplied by 
the area of the cross-section of the stream, will equal th« 
total quantity discharged, is called the mean velocity. 
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MECHANICS. 


Let Q = quantity that passes any section in 1 second; 

A = area of the section; 

V — mean velocity in feet per second. 

Q 

Then, Q = Av, andt? = ;2‘ 

The vertical distance between the level surface of the 
water and the center of the aperture through which it flows, 
is called the head. 

Let V = mean velocity of efflux through a small aperture ; 

h *= head in feet at the center of the aperture; 

w = weight of water flowing through the aperture 
per seco nd. 

Then, V — that is, the velocity of efflux is the 

same as if the water had fallen through a height equal to 
the head. 

Let Q. = theoretical number of cubic feet discharged per 
second; 

= mean velocity through orifice in feet per second; 

A =s area of orifice; 

h ~ theoretical head necessary to give a mean 
velocity 

Qa — actual quantity discharged in cubic feet per 
second. 

Then, for an orifice in a thin plate, or a square-edged 
orifice (the hole itself may be of any shape, triangular, square, 
circular, etc., but the edges must not be rounded), the actual 
quantity discharged is 

.615Q == .615AK„. 

The weir is a device used for measuring the discharge of 
water. It is a retangular orifice through which the -water 
flows. 

If d = the depth of the opening in feet, and b its breadth 
in feet, the area of the opening is A = dxb, and theo- 
retical discharge is Q == dXb X Vm = d^b X W ^ 9 
head for this case being taken as d. 

The actual discharge when the top of the weir lies at the 
surface of the water is 

0^ = .615 XdhX fl/2 pd = .615 Xf & ==* 

S.2886l/d3. 
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surfece orth^lT** “ f."* *°P ^ «>e 

r ?7 ! ® *^® «>e actual dls- 

ciiarge Q^, in cubic feet per second, is 

Q« == .eioXf ^ 2^(|/p-.-j/^) 3.288 5 

FLOW OF WATER iN PIPES. 

Let = mean velocity of discharge in feet per second; 

A = total head in feet = vertical distance between • 
tlie_ level of water in reservoir and the point 
of discharge; 

I = length of pipe in feet; 
d = diameter of pipe in inches; 

/ = coefficient of friction. 

Then, for straight cylindrical pipes of uniform diameter 

JoLS:!“ calculamf hTtS 

r» = 2.S15-^/-^|_. 

faetwS'the^poinfof afe^arle*anTthp w distance 

the source, or point from whTch it i? t. w «■* 

m^sured ’in tSet It matte not hov^fe®'?.? «>'WS 

measured as 

^ .ExAMPLE.—What is the mean velocity of efflux from « 

6 pipe, 5,780 ft. long, if the head is 170 ft. ? Take / = 021 
Solution — 


r„ = 2.315 = 2,315 . L 

= 6.69 ft. per te'" A/m><5;wTTiSx^ 

». compared with the diameter 

the ahoye example, the foltowlng formula may^ 

K.= 2.315 (5) 

m which the letters have the same meaning as in the oreoe- 
fomula. This formula may be used when theleS 
of the pipe exceeds 10,000 times its diameter. 
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The actual head necessary to produce a certainvelocity 
Fw may be calculated by the formula 


JIV^ 


+ .0233 Vi. 


5.36d 

If the head, the length of the pipe, and the diameter of the 
pipe are given, to find the discharge, use the formula 

that is, the discharge in gallons per second equals .09445 
times the square of the diameter of the pipe in inches, multi- 
plied by the square root of the head in feet, multiplied by the 
diameter of the pipe in inches, divided by the coefficient of 
friction times the length of the pipe in feet, plus .125 times 
the diameter of the pipe in inches. 

To find the value of /, calculate by formula (6) assu- 
ming that / = .025, and get the final value of f from the 
following table: • 



/ 

Vm 

/ 

Vm 

/ 

.1 

.0686 

.7 

.0349 

2 

.0265 

.2 

.0527 

.8 

.0336 

8 

.0243 

.3 

.0457 

.9 

.0325 

4 

:0230 

.4 

.0415 

1 

.0315 

6 

.0214 

.5 

.0387 i 


.0297 

8 

.0205 

.6 

.0365 ' 


.0284 

12 

.0193 


Example.— The length of a pipe is 6,270 ft, its diameter is 
8 in., and the total head at the point of discharge is 215 ft. 
How many gallons are discharged per minute? 

Solution.— 

F„ = = 7.67 ft. per see., nearly. 

.0205 for Vm = B (see table), Q =« 


Using the value of/ 
.09455 X 82^ 


215X8 


' .0205 X 6,270 4-. (.125 X 8) 

22.03 X 60 = 1,321.8 gal. per min. 

If it is desired to find the head necessary to give a discharge 
of a certain number of gallons per second through a pipe 
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■ wliose lengtli and diameter are known, calculate tiie mean 
. velocity of efflux by using- the formula 
24.51Q 

i'w'-- * 


(e) 

Snu-the value of /from the table, corresponding’ to this valut 
of and substitute these values of / and in the formula 
for the head. 

Example.— A 4!' pipe, 2,000 ft. long, is to discharge 24,006 
gal. of water per hr.; .what head is necessary? 

24,000 _ 24.51X6-1 

42 


SOLUTION.- 


= 6|- -gal. per i 


60X60 

^ 10.2 ft. per sec. 

From the table, / = .0205 for = 8, and .0193 for F* 
^ 12; assume that / = .02 for = 10.2. 


Then, A' = + .0233 X 10.22 = 196.53 ft. 


To find, the diameter of a pipe that will give any required 
discharge in gallons per second, the total length of the pipe 
and the head being known, find the value of d by formula (/); 
mbstitute this value in form^ula (e), and find the value of 
Then find from the table the value off corresponding to this value 
of Kn* Substitute the values of d and / just found in the right- 
hand member of formula (g) and solve for d; the result will be the 
diameter of the pipe, accurate enough for all practical purposes. 


1.229- 


f-f- 


(/) 


d 


= 2 . 57 ^'^ 


if I -h id) Q3 


ig) 


Example.— A pipe 2,000 ft. long is required to discharge 
24.000 gal. of water per hr. The head being 195 ft., whai 
should be the diameter of the pipe? 

24 000 

Solution. — ^ = —rsTi == 6| gal. per sec. Substita- 


,/2.QQ0X(6§)2 


60X60 

ting in formula (/), d = 1.229-^- 
Substituting this value in formula («), 


= 4.18 in. 


„ _ 24.51X61 __ 
^ 4182 ” 

9.352 ft. per. sec. From the table, the value of/ for = 9.352 


is ,0201. Substituting this value of/ and the value of d, found 
above, in formula (^), 


2.57- 


, s r(.0201 X 2,000 + i X 4.181 X (tHF 
195' ,, ' 


^ 4.01+; say, 4 in. 




STRENGTH OF MATERIALS. 


The ultimate strengths of different materials vary greatly 
from the average values given in the following tables, Ir* 
actual practice, the safest i:>roc dure would be to make a, l(?st 
of the materi.J for its ultimate strength and coefficient of 
elasticity, or else specify in the contract that it shall not fell 
belo w certain prescribed limits. In the following formulas, 

A ~ area of cross-section of material in square inches; 

JE coefficient of elasticity in pounds per square inch; 

= square of least radius of gyration; 

X = moment of inertia about an axis passing through 
the center of gravity of the cross-section; 
iff == maximum bending moment in inch-pounds; 

P == total stress in ponnds; 

M ~ moment of resistance; 

5 = ultimate stress in lb. per sq. in. of area of section; 

W = weight xilaced on a beam in pounds; 

6 = breadth of cross-section of beam in inches; 

d == depth of beam (in.) = diam, of eirc. section == alti- 
tude of triangular section = length of vertical side; 
e amount of elongation or shortening in inches; 

/ = factor of safety; 

I = length in inches; 
p = pressure in pounds per square inch; 

TT = ratio of circumference to diameter = 3.1416, nearly; 
q = a constant used in formula for columns; 
r =s radius of a circular section; 

s « elastic set or deflection in inches of a beam under a 
transverse (bending) stress; 

^ = thickness of a shell or hollo w' section. 

For tension, compression (where the piece does not exceed 
10 times its least diameter), and shear, 

AS 


P = 


/ 


To find tlw breaking stress (P), make/ ~ 1. For safe load, 
take / from Table I, and S from Table II, according to the 
nature and character of stress. 
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■ TABLE L ", 
Factors op Safety (/)- 


Name of Material. 

Steady 

Stress. 

Varying 

Stress. 

I 

Shocks 

(Ma- 

chines). 

Cast iron 

i 6 

15 

20 

Wrought iron 

4 

6 

10 

Steel 

5 

7 i 

15 

Wood V 

8 

1 10 

15 

Brick and stone... .i..; 

15 

I 25. . 

SO 


TABLE!!. 

Ultimate Strengths (S). 


Name of 'Material. 

Tension. 

Com- 

pression. 

Shear, j 

Flexure. 

Cast iron 

1 20,000 

90,000 

20,000 

36,000 

Wh'Diightiron 

50,000 

50,000 i 

47,000 

'50,000 

Steel 

100,000 

150,000 

70,000 

120,000 

Wood 

10,000 

8,000 

600 to S,000 

9,000 

Stone 

Brick 

200 

6,000 

2,500 

2,000 


Example.— A square east-iron pillar 18 in. long is required 
to sustain a steady load of 75,000 lb.; what must be the length 
of a side ? 

Solution.— From the table, / = 6, and S = 90,000. By 
formula (1), 

AS . Pf 75,000 X 6 . 

P = -p or ^ ^ = 5 sq. m. 

Length of side = i[/5 = 2.236 in., say in. 

The amount of elongation or of shortening of a piece under 
a stress is given by the formula 

-S- (^) 

The coefficient of elasticity (E) must be taken from the 
following table: 


^ AS 

P=-pOr^,=. 



Name of Material. 


Coefficient 
of Elasticity. 


Elastic Limit, 
for Tension. 


Kind of Beam and Man- 
ner of Loading. 


Bending 

Moment. 

M 


Deflection, 

s 


Cantilever, load at end 

Cantilever, uniformly loaded 
Simple beam, load at mid- 
dle 

Simple beam, uniformly 

loaded 

Beam fixed at both ends, 

load at middle., 

Beam fixed at both ends, 
uniformly loaded 


% 




El 

Wl^ 

El 

Wl^ 

El 

El 

Wl^ 

El 

Wl^ 

El 


STRENGTH OP MATERIALS. 
TABLE til. 


Cast iron 

Wrought iron. 

Steel 

Wood 


15.000. 000 

25.000. 000 

30.000. 000 
1,500,000 


6,000 

25.000 

50.000 
3,000 


.196 in. 


A UTought-iron bar 24 ft. long, IJ in. in diameter, would 
elongate, under a tensile stress of 15 tons, 

(15 X 2,000) X (24 X 12) 

^ i TT (H)2 X 25,000,000 
To and the breaking strength of a beam, use the formula 
if = SB. (3) 

Obtain if and B from the two following tables, according 
to the kind of beam and nature of cross-section. A simple 
beam is one merely supported at its ends. In the expression 
for B, d is always understood to be the vertical side or depth; 
hence, that beam is the stronger which always has its 
greatest depth or longest side vertical. The moment of 
inertia I is taken about an axis perpendicular to d, and 
lying in the same plane. 
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Name of Section. 


Solid 

circular 


Hollow 

circular 


Solid square 


Hollow 

square 


Solid 

rectangular 


Hollow 

rectangular 


Solid 

triangular 


Solid 

elliptical 


Hollow 

elliptical 


I-beam 
Cross with 
equal arms 
(approxi- 
mate) 
Angle with 
equal arms 
(approxi- 
mate) 
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Thus, the breaking strength of a cast-iron simple beam 
tiniformly loaded and 20 ft. long between the supports, hav- 
ing a hollow rectangular cross-section 8 in. by 6 in. outside 
and 6 in. by 4 in. inside, is given by the formula 

h d® — 6i 

If- 5J2,or = 36,000 X- 


whence, TI 


__ 36,000 X 8 X (6 X 8^ - 4 X 63) ^ 


'(20 X 12) X (6 X 8) 


55,200. 


Using a factor of safety of 6, the beam should support 
= 9,2001b. 

with perfect safety. The value of S for beams should be 
taken from the flexure column of Table 11. 

To find the amount of defieeiion in a beam due to a load, sub- 
stitute the values of WJ, E, and I in the different expres- 
sions for the deflection s in Table IV. 

The value of /is to be taken from Table V. 

Example.— What is the deflection of a wrought-iron beam 
fixed at both ends, 7 ft. long between the supports, having a 
solid rectangular cross-section 6 in. wide and 2| in. deep, 
carrying a load of 21,000 lb. in the middle ? 

Solution.— From the table, 

Wl^ WP 21,000 X (7 X 12)^ X 12 

"192 X 25,000;006x6X (2|)3 ‘ 


"l92i;j' 


192 EX 


.b^' 

12 


= .249'L 


Example.— It is desired to calculate the depth (d) ot a 
cast-iron cantilever 36 in. in length (— 1) that will sustain 
at its end <a weight of 4,000 lb. (= IP), the lever to be of rect- 
angular section and 2 in. in width. 

Solution.— The ultimate stress per square inch for cast 
iron in flexure is given in Table II as 36,000 lb. (= S), 
The weight will be a steady load, and therefore, according 
to Table I, a factor of safety of 6 should be used. By for- 
mula (3) iff == SR. For a cantilever beam carrying a load 
at the end, iff = TT^Table IV); and for a rectangular sec- 

',tion,fi = ^(TableV). 

Then, as IF = 4,000 , 1 = 86, & = 2, / = 6, we have 



Tne value of d is found by substituting in this equation 
the known values of ;S; 5, Tr, l, and/, as follows* 

36,000 X 2 X £^2 

elTe ^ whence, d = 8.49 in. 

At the point where the beam is supported, the required 
depth IS found to be 8.49, or, practically, in. At a point 
6 HI. irom the support, the depth may again be calculated by 
substituting in the equation the value of I (the overhanging 
engtii bej^ond this point); I = so, and the eouation hpeaTno® 





Both Ends 
Flat or Fixed. 


One End 
Bound. 


Both Ends 
Round. 


Cast iron 

Wrought iron. 

Steel 

Wood 


1 

5.000 
1 

36.000 
1 

25.000 
1 

3.000 


The breaking load of an elliptical wooden column 18 ft. 
long, having rounded ends, the diameters of the cross-section 
being 12 in. and 8 in., is 

SA 8,000 xa-rx 12X8) 


3,000 


Using a factor of safety of 8, the column should support 
= 4,565 lb 'With perfect safety. 
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Note.— In the preceding examples the weight of the beam 
has been neglected. If, however, this weight is large in com- 
parison vdth the weight or weights carried by the beam, it 
should be taken into account, considering it (when the eros.s- 
section of the beam is the same throughout) as a load uni- 
formly distributed over the whole length of the beam. 


COLUMNS. 

To find the breaking strength of a column, use the follow- 
ing formula: 

SA 


P = 


1 + 9 ^ 


8. is taken from Table II, in the column for compression, G" 
from Table V, and q from the following table, according to the 
character of the ends. 


TABLE VI. 


SHAFTINa 
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SHAFTING. 

formulaf'^T^ffi'’^ - found by the following 

aiici tlie shaits are very long; the second when stren!?th only 
IS required to be considered. ‘^^rengtn only 

d ~ ^^iameter of shaft in inches; 

J? = horsepower transmitted; 

-V - number of revolutions per minute; 
c — constant in formula (5); " ■ 

^ ”_£pnstaiit in formula (6). 

(5) ^ = (6)- 

c = .^29 for cast iron: 4.92 for wrought iron; 4.7 for steel; 

iz 3.3 for steel, 

rooftwtee^" oxtraot the fourth root, extract the square 


PIPES AND CYLINDERS. 
p = pressure in pounds per square inch; 
d = diameter of pipe or cylinder in inches; 
t — thickness in inches; 

S = ultimate tensile strength taken from Table II- 
r = inside radius in inches; 

/ factor of safety, usually taken as 6 for wrought iron 
and 12 for cast iroii. 

For thin pipes, p d/ = 2 tS. (7) 

For thick pipes or cylinders, 

St 




?’ -j~ ^ 


(8). 



kopes and chains. 

D - diameter of the rope in inches = 
from which the link in chain is m 
W = safe load in tons of 2,000 Ib. 

For common hemp rope, W = f jp. 

For iron-wire rope, TF = § 1 ) 2 . 

For steel-%^1^e rope, W = D 2 . 

For close-link wrought-iron chain, W =* 
For stud-link wrought-iron chain, TT == 



half of this circle, as n e" m, into any number of equal parts, 
as m c", c" d!', d" e", e"f", and/'' g". The greater the num- 
ber of these divisions, the more accurate will be the results. 
From the points of division c", d", e",/", and p", draw lines 
parallel to the vertical center line of the boiler, as c" c', d" d', 

f" f, s.ndg" 9', V , 

We are now ready to draw the templet of the dome, as 
shown in Fig. C. Draw a straight line of indefinite length, 
and on it lay off a distance h i equal to the circumference of 
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BOILER DESIGN. 


TO DEVELOP THE DOME OF A BOiLEB«, 

A side view of the dome, together with a section of the 
boiler, is shown in Fig. A. Draw Fig. B, the end view of 
the dome and of the boiler. Abo\^e the dome draw a circle 
i n e" m of the same diameter as the dome. Divide the lower 
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the dome. (The circumference of the dome is found by ? 

multiplying the diameter a & of the dome by 3.1416.) Divide J 

the distance h i into twice the number of equal parts that the 
semicircle above the dome in Fig. B has. In the figure it has 
been divided into 6 equal parts; therefore, divide this line 
into 2X6 = 12 equal parts, as bg, gf, fe, ed, etc., and 
through these points of division draw lines at right angles to 
the line h i, as shown; make the length of each of these Unes 
the same as the length of the line that corresponds to it in > . 

Fig. R. Thus, €d is equal to ee' in Fig. B, dd^ is equal to | 

da/ in Pig. B, a a> is equal to a a' in Fig. B, etc. After hav- I 

mg' laid olf^ the lengths of these lines, draw the curved line ^ 

i’e[ N. This being done, we have the templet of the dome I 

T ' riveting must be allowed, as shown i 

by the dotted lines around the templet. I 


TO DEVELOP THE SLOPE' SHEET dbcd OF A BOILER, j! 

SHOWM AT A SN THE FIGURE BELOW. 



Straight line ah, as shown in Fig. B, and on it lay 
oft the distance ad, equal to 5c, Fig. A. At a and d, erect 


m 




prpendiculars a c and de, respectively, making a c equal to 
5 a, and d c equal to cd, of Fig. A, With a point b on a6 asa 
center, and a radius d e, describe the quadrant/ g. Divide this 
quadrant into any number of parts; the greater the number. 
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the more accurate will be the results. Here it is dirided 
into three, as 1-2, and 2-J. Through the points g, 1, and % 
draw lines parallel to ah, intersecting the perpendicular de 
in e, V, and and the perpendicular h gm h and i. Through 
the points V, and d, draw lines parallel to c e. Through any 
point, as J, on the line ce, dra w J K perpendicular to ce, cut- 
ting the lines 1"-V, and $"-d in the points i, n, and K, 
respectively. From the line J K lay off the distances i m, n o, 
and Kp, equal to the distances hi, i 2, and hf, respectively, 
and pass the dotted curve^ J m op through the points. Now 
draw Fig. C. Draw the straight line hq, and through the 
point J draw ec perpendicular to it. Lay off on the line /eg-, 
on each side of the linece, points m' and m' at distances 
from it equal to the length of Jm in Fig. B. Lay off, also, 
points o' and o' at distances from m' and m' equal to mo in 
Fig. R; also, points p' and p' at distances from o' and o' equal 
to op of Fig. B. Through the points thus laid off, draw lines 
parallel to c e. Lay off the distances J c and J e from /, in 
Fig. C, equal to Jc and Je, respectively, in Fig. B; the dis- 
tances m' 1'" and m' 1" from m' equal to i 1" and i 1' in 
Fig. JS; o' 2'" and o' 2" from o' equal to n2" and n2'; and 
p' S'" and p' S" from p' equal to and Kd of Fig. B. 
Through the points thus laid off draw the curved lines 
S’" OS'" and 5"eS". With the points S" as centers and a 
radius a d, Fig, B, describe the arcs r and r. With the points 
S'" as centers and a radius S" a, Fig. B, describe the arcs 
s and s. From the points of intersection of these arcs, draw 
lines to the i:>oints S'" and S". This being done, we have the 
templet of the slope sheet on the seams. The laps for rivet- 
ing must be allowed as shown by the dotted lines around the 
templet. 

TO DEVELOP THE SLOPE SHEET Imno OF A SOiLER, 
SHOWN AT A IN THE FIGURE ON THE 
FOLLOWING PAGE. 

Draw the two views of the sheet as shown in Figs. S and 0. 
Suppose the seam to be at o n. Fig. A, and the sheet to be 
made in one piece. Divide the semicircles a dp and a' d'p', 
Fig. C, into any number of equal parts; the greater the number 
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of these divisions, the more accurate will, be the results. 
Join the points 5 and 6'’, c and c', d and e and and / and 
/ by full lines, and join the points b and a', c and b\ d and c', 
e and d', f and e/, and g and /' by dotted lines, as shown. 
Then draw Figs. D and K Draw at right angles to one 
another the lines wa and wx, also the lines sa' and zy. 
Make the length of the line wx equal to r, 'Fig. B, and the 


length of the line w a equal to a a'> Fig. C. From w lay off on 
the line w a, Fig. D, distances w b,wc,wd,w e, wf, and w g, 
respectively, equal to the lengths of the full lines bb', €c\ 
etc. of Fig. C, and draw the lines ax,hx, ex, dx, ex, fx, and 
gx, as shown. Make the length of the line zy, Fig. E, the 
same as that of wx. Fig. D, From z lay off on. the line z a' 
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Fig. E, distances sa', zb\ zc\ zd\ ze', and zf, respectively, 
equal to the lengths of the dotted lines 5 cb', etc., in 
Fig. C, and draw the lines a' y, b' y, & y, f y, d' y, and e' y. 

We are now ready to draw the templet of the slope sheet. 
Instead of drawing the whole templet, we will draw only 
one-half of it, as is shown in Fig. F, since the other half is 
exactly the same. Draw the line aa^ and make it equal in 
length to the distance ax, Fig. D. With as a center, and a 
*fadius y a', Fig. E, describe an arc at b. With a as a center 
and a radius == arc a 5, Fig. C, describe another arc inter- 
secting the first arc in b. With a' as a center, and a radius 
= arc a' 6', Fig. C, describe an arc at b'. With 5 as a center, 
and a radius xb, Fig. D, describe an arc, intersecting the arc 
already drawn, at 6'; draw the full line bb' and dotted line 
ba'. With 6' as a center, and a radius yb', Fig. E, describe 
an arc at c. With 5 as a center, and a radius — arc c b, Fig. C> 
describe an arc cutting the last arc at c. With b' as a center, 
and a radius — arc c' b'. Fig. C, describe an arc at c'. With c 
as a center, and a radius xc, ¥ig, JD, describe an arc cutting 
the last arc at c'; draw the full line ec' and dotted line cb'. 

Continue to construct the remaining portion of the half 
templet in a similar manner, taking the distances for the fUli 
lines from Fig. D, and those for the dotted lines from Fig. E. 
Through the points a, b, c, d, e, f, and g, and through the 
points a', b', d, d', e', f, and g', draw the curved lines shown. 
Since this is the development of the slope sheet at the seam, 
the laps for riveting must be allowed; they are shown by the 
dotted lines around the templet in Fig. F, 


CARE AND INSPECTION OF BOILERS. 

POINTS TO BE OBSERVED. 

Preliminary to a boiler inspection, the boiler, flues, mud- 
drum, ash-pit, and all connections should be thoroughly 
cleaned, to facilitate a careful examination. Blisters may 
occur in the best iron or steel, and ^their presence, and also 
that of thin places, is ascertained by going over all parts ot 
the boiler with a hammer. When blisters are discovered, the 
plates should be repaired or replaced. Repairing a blister 


CARE OF BOILERS. 


163 




' consists in cutting out the blistered space and riveting a 
“hard patch” over the hole on the inside of the boiler, if 
,j| possible, tO' avoid' forming a pocket for sediment. . All seams, 
heads, and tube ends should be examined for leaks, cracks, 

I corrosions, pitting, and grooving, detection of the latter 
possibly requiring the use of a magnifying glass. Uniform 
<j corrosion is a wasting away of the plates, and its depth can be 

Ji deteimined only by drilling through the plate and measuring 

the thickness, afterwards plugging the hole. Pitting is due 
;j to a local chemical action, and is readily perceived. Grooving 

,| . is usually due to buckling of the plates when under pressure, 

i and frequently to the careless use of the sharp calking tool. 

, Seam leaks are generally caused by overheating, and demand 

careful examination, as there may be cracks under the rivet 
' heads. If such cracks are discovered, the seam should be cut 

^ out, and a patch riveted on. Loose rivets should be carefully 

looked for, and should be cut out and replaced, if found. 
Pockets, or bulging, and burns should be looked for in the 
firebox. The former are not necessarily dangerous, but if 
there are indications of their increasing, they should be heated 
and forced back into place or cut out and a patch, put on. 
Burns are due to low water, the presence of scales, or to the 
continuous action of flames formed on account of air leaking 
through the brickwork. The burned spots should be cut out 
and patched as previously described. The conditions of all 
stays, braces, and their fastenings should be examined and 
defective ones replaced. The shell of the boiler should be 
thoroughly examined externally for evidences of corrosion, 
which is liable to set in on account of dampness, exposure to 
! w^eather, leakage, etc,, and may he serious. The boiler should 
I be so set that joints and seams are accessible for inspection, 
I and should have as little brickwork in contact with it as 
I possible. The brickwork should be in good condition, and 
1 not have air holes in it, since they decrease the efficiency of 

I the boiler and are liable to cause injury to the plates by 

burning, as above explained, and also by unevenly heating 
and distorting them. The mud-drum and its connections 
are liable to corrosion, pitting, and grooving, and should be 
? examined as carefully as the boiler. 
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All valves about a boiler should be easy of access, and 
should be kept clean and working freely. Each boiler should 
have at least three gauge-cocks, properly located, and it is of 
the utmost importance that they be kept clean and in order, 
and the same may be said of the glass water gauge. The 
middle gauge-cock should be at the winter level of the boiler, 
and the other two should be placed one above and one below 
it, at a distance of about 6 in. 

The condition of the pumps, or injectors should be looked 
into to make sure that they are in the best working order. The 
steam gauge should be tested to ascertain that it indicates 
correctly, and if it does not, it should be corrected. If the 
hydraulic test is to be used, the boiler should be tested to a 
pressure of 50^ higher than that at which the safety valve will 
beset. 

External Inspection When Boiler Is Under Steam.— The gauge- 
cocks, and also the gauge glass, should be tried, to make sure 
that they are not choked. The steam gauge should be taken 
down, if permissible, and tested, and corrected if necessary. 
The gauge pointer should move freely. Blowing out the 
gauge connection will show whether it is clear or not. The 
boiler connections should be examined for leaks. The safety 
valve should be lifted from its seat, to make sure that it does 
not stick from any cause, and it should be seen that the 
weight is in the right place. Observe from the steam gauge 
if the valve blows off at the pressure it is set for. See that all 
pumps and feed-apparatus are working properly, and that the 
bio woff and check-valves are in order. Blisters and bagging 
may sometimes be detected in the furnace. The condition of 
the brickwork is of considerable importance, since the 
existence of air holes is a source of trouble, as already 
explained. 

Incrustation. — One of the chief sources of trouble to the 
boiler user is that of incrustation. All water is more or less 
impure; and as the water in the boiler is continuously evapo- 
rated, the impurities are left behind as powder or sediment. 
This collects on the plates, forming a scaly deposit, varying 
in nature from a spongy, friable texture to a hard, stony one. 
This dei)Osit impedes the transmission of heat from the plates 
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I to the water and often causes overheating and anjury to the ’ : ] 

pla tes. It is probable that ^ in. of scale necessitates the con- ,| 

>! sumption Of to 20?^ more fuel. The various impurities in 

I ' the water may be either in suspension or solution. If the | 

former, the water can be purified by filtration before going 
j into the boiler. If the latter, the substances must first be 

j precipitated and then filtered. Many impurities (sulphate 

hj and carbonate of lime, etc.) may be removed by heating the 

;i ' water before feeding it into the boiler. 

1 , The first thing to do, when dealing with a water supply, is 

to have an analysis of it made by a competent chemist. The 
! fact that a water contains a certain amount of solid matter is 

I no criterion as to its unfitness for boiler use. The presence of, 

=1 certainsalts, as carbonate or chloride of sodium, even in large 

quantities (say 40 to 50 gr. per gal.), would not be serious if 
j due attention were given to the blowing ofif. On the other 
hand, salts of lime in the above proportion would be very 
objectionable, requiring greatly increased attention in the 
matter of purification and blowing off or else cleaning out. 

The various methods of dealing with impure wmter may be 

classed as follows: 

1. Filtration.— WheTQ the matter (sand, mud, etc.) is held 
in suspension, it can be removed, before the water enters 
the boiler, by the aid of settling tanks or by filtering, or by 
forcing the water up through layers of sand, broken brick, 
etc., or by using filtering cloths in a proper machine. 

2 . Treafin^ih—Clark’s process, combined with a 

subsequent filtration (the joint process being known as the 
Atkins system), has been successfully applied on both small 
and large scales in the chalk districts of England. Lime 
water is mixed with the water to be purified, the amount | 

used depending on the composition of the water, as deter- 
mined by a careful analysis. The lime is thus precipitated, 
and the wateris then filtered in a machine containing travel- 
ing cotton cloths. Not only is the carbonate of lime entirely- 
removed, but it has been proved that any sulphate of lime 
that may be present is also prevented from incmsting. This 
is important, as the latter impurity forms, perhaps, the worst 
scale one has to contend with. j 



166 


BOILERS- 


Varions chemical compounds are in use for boilers. Car- 
bonate of soda is perhaps the best general remedy. It forms 
the basis, in fact, of nearly all boiler compounds, whatever 
their name or appearance. This soda deals efficaciously both 
with the carbonate and the sulphate of lime. The precipi- 
tates thus thrown down do not form a hard crust; they can 
be washed out in the form of sludge or mud. 

Carbonate of soda is also useful w'hero condensers arc 
employed, as it counteracts the effect of the grease, uffiJeh is 
brought over with the exhaust steam. If used in too large 
quantities, it will cause priming. The best way to use it is to 
make a solution of it and connect with the feed, fixing a cock 
so as to regulate the amount fed in. Soda ash is cheaper, 
but more of it is required, and, besides, it is generally impure. 
Caustic soda removes lime scale quicker than ordinary soda 
does, but it is much stronger and liable to attack the plates. It 
should be used in smaller quantities than the ordinary kind. 

Barks, molasses, vinegar, etc. develop acids that attack the 
plates. Animal and vegetable oils do the same, and also 
harden the deposits and make their removal more difficult. 

It is a good rule to keep all animal and vegetable matter out 
of boilers altogether, 

Feed-Water iZea^ers.— Carbonates and sulphates of lime are 
precipitated by high temperatures. The heaters should be 
arranged so that the deposit forms chiefly on a series of 
plates that can be easily removed for cleaning. If the 
deposit gathers in pipes, however, it is simply transferring 
the evil from one vessel to another. A double advantage 
is gained by these heaters, for the feedwater is put into the 
boiler already heated, and so fuel is saved. 

Mechanical Aids.-— Deposits take place chiefly in sluggish . 
places. Various devices to aid circulation have been brought 
out. With good attention and a not too impure water, they 
give satisfactory results. 

Potatoes, linseed oil, molasses, etc. are sometimes put into 
the boiler with the idea of lessening scale formation, by form- 
ing a kind of coating round the particles of solid matter and 
so preventing their adhering together. This certainly takes 
place, but the substances are injurious, as already pointed out. 
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Whenever a boiler has been cleaned out, we may with advan- 
, tage, give the inside a thin coating of oil, or tallow and black 

lead; this arrests the incrusta,tion to a great extent. ' 

Sand, sawdust, etc. are often used, the idea being that 
' ; their grains act as centers for the gathering together of the 
, solid matter in the water, the resulting small masses not 
readily collecting together themselves and therefore being 
easily washed out. This may be so, but the cocks, valves, 
etc. are liable to suffer from, the practice. 

Kerosene is strongly recommended by some boiler users. 
There is no doubt that in many cases its use has given good 
; , results. It prevents incrustation, by coating the particles of 
matter with a thin covering of oil, the dex»osit thus formed 
;r : ■ being easily blown out. The oil also seems to act on the 

scale already formed, breaking it up and thus facilitating its 
, As already remarked, it is a good plan, when the 

boiler is empty, to give the inside a good coating of this oil, 
afterwards putting it in with the feed, the supply being regu- 
lated automatically. As to the quantity required, this will 
be found to vary in different cases, according to the nature 
; of the water; an average of 1 qt. per day for every 100 horse- 

power will give good results in most cases. 

In marine boilers, strips of zinc are often suspended; the 
deposit largely settles on them instead of on the boiler plates. 
Also, any scale that may be formed on the latter is less hard 
and compact and more easily broken up. Further, any acids 
formed by the oil and grease brought over from the con- 
denser attack this zinc instead of the boiler plates. 

3HscellaneotLS.— Acids axe often introduced into boilers to 
dissolve the scale already formed, the solid matter then being 
washed out. This treatment should be adopted with great 
care, if at all, as the plates are likely to be affected. 

Scale is often loosened and broken up by deliberately 
inducing sudden expansion or contraction in the boiler. In 
the foi mer case, the expansion is brought about by blowing 
off the boiler, and then, when it is, quite cooled down, turn- 
ing on steam at as high a temperature as obtainabl^ thus 
causing the scale to expand more quickly than the platesand 
thus become loose. 
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In the second method, the boiler is blown off when the 
steam (and therefore the temperature) is at its highest and a 
stream of cold water then turned in. The fires are then 
drawn and the fire-hole doors, dampers, etc. opened, letting 
in a rush of cold air. All this cools the plates and, by the 
contraction thus brought about, loosens the scale. These 
two practices should be guarded, against. 

Foaming or priming is usually due either to forcing a 
boiler beyond its capacity for furnishing dry steam, or to the 
presence of foreign matter. It is dangerous if occurring to 
any great extent, since water may be carried along with 
steam into the engine, and a cylinder head knocked out. 
Foaming, when it cannot be checked by the use of the sur- 
face blow-out apparatus, may necessitate the emptying of the 
boiler, which must then be filled with fresh water; this rids 
the boiler of the impurities that have collected during the 
operation of the boiler. - 

HORSEPOWER OF BOILERS. 

In actual practice, the result of a great many tests has 
shovTi that an evaporation of 30 lb. of water per hr. from a 
feedwater temperature of 100° F. into steam at 70 lb. gauge 
pressure is the equivalent of 1 horsepower, or that this steam, 
in a properly designed engine, will do the equivalent of 
33,000 X 60 = 1,980,000 ft. -lb. of work per hr. In order, how- 
ever, to have a more ready standard of comparison, the above 
evaporation has been reduced to another standard, and is 
found to he equal to the evaporation of 34.6 lb. of water from 
and at a temperature of 212° F. under atmospheric pressure, 
and it is on this latter quantity that the calculations of the 
horsepower of boilers are usually based. 

In making an approximation of the horsepower of a given 
boiler, the square feet of water-heating surface of the boiler 
should first be determined, and in doing this the area of all 
the surfaces exposed to the fire and hot gases, which, on 
their opposite sides come in contact with the water in the 
boiler, should be taken into account. 

Example.— An externally-fired fine boiler, having a shell 
38 in. in diameter, and containing two fine pipes 10 in. in 
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diameter, is 22 ft. long without the smohehox. If the greatest 
depth of the water in the hoiler is f X 38 = 25.33 in., what is 
the total water-heating area of the boiler ? 

SoLUTioN.—Six feet of the circumference of the boiler 
shell lies below the water-line, as could be found by actual 
measurement, and the circumference of the tw^o flues is 
equal to X2 = 5.24ft. 

Therefore, the %vater-heating surface of the shell is 6 X 22 
— 132 sq. ft., and that of the flues is 5.24 X 22 = 115.28 sq. ft. 
The water-heating surface of the heads of the shell (that is, 
the area below the wmter-line, mhius the area of the flues, 
which could be obtained by direct measurement) is 4.5 X 2 == 
9 sq. ft,. Therefore, the total -water-heating surface of the 
boiler is the sum of all these, or 255.28 sq. ft. 

Having determined the water-heating surface of a boiler, 
to approximate its horsepower: 

Ru!@.— DMde the total water-heating surface in square feet by 
the number of square feet of heating area, as given in the table 
below, required to produce an evaporation equivalent to 1 
horsepower in boilers of the given type. 

Example.— 'T he total water-heating surface of the above 
externally-fired flue boiler is 256.28 sq. ft. Whatjs the horse- 
power of the boiler? 

Solution.— B y referring to the table, we find that it takes 
about 10 sq. ft. of heating surface to produce 1 horsepower; 
therefore, the above boiler would be rated at about 

= 25.63 H. P, 


Type of, Boiler. 

Water-Heating 
Surface for 

1 Horsepower. 
Square Feet. 

Ratio of Water- 
Heating Area 
to Grate Area 
Required. 

Cylindrical 

9 

Prom 12 to 15 : 1 

Flue - 

10 

Prom 20 to 25 : 1 

Firebox tubular 

12 

Prom 25 to 35 : 1 

'E'eturn tubular.......... 

15 

From 25 to 35 : 1 

Vertical 

15 • 

From 25 to 30 ; 1 

Water tube 

11 ! 

From 35 to 40 : 1 
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The above rule must not be taken as furnishing anything 
but an approximate method, since the same boiler will 
a different horsepower whenever the conditions under whicn 
it is operated are changed; or, in other words, t e lors p v 
developed depends largely on the amount of coal 
square foot of grate area per hour, the velocity and character 
of the furnace draft, and the quality of the coal used. In 
ordinary pracdce, however, we may expect an e^apora loii 
of from 8 to 11 Ih. of water from and at 212° F. for each pound 
of good coal burned, where from 11 to 13 
consumed per sq. ft. of grate surface per hr., or about from 
3 to 4 lb. perH. P. per hr. 

CHIMNEYS. 

The chimney serves the double purpose of creating a 
and carrying away obnoxious gases. The production of the 
draft depends on the fact that the furnace gases (the products 
of combustion) passing up the chimney have a high tempera- 
ture, and are, consequently, lighter than an equal volume of 
outside air at the ordinary temperature; that is, the pressure 
within the chimney is slightly less than the pres^re of the 
outside air. Consequently, the air will flow from the P^ace of 
higher pressure to the place of lower pressure, that is, into the 
chimney through the furnace. 

Suppose, for example, the average temperature of the gases 
in a chimney 150 ft. high is 500° F. A pound of the gases at 
62° F. has a volume of 12.5 cu. ft.; its volume at 500° is, then, 

12.5 X (500 + 460) ^ ^3 cu 
62 4- 460 


. ft. Therefore, a column of the 


150 


= 6,521b. 


gases 1 ft. square and 150 ft. long would weigh ^ 

150 

A ritriilar column of air at 62° F. would weigh = 11-42 lb., 

nearly. Hence, the pressure of the draft is 11.42 — 6.52 = 4.9 
lb per so. ft. = .941 in. of water. It is evident that the pres- 
eure of the draft depends on the temperature of the furnace 
gases and the height of the chimney. The higher the chim- 
ney, the lower may be the temperature of the gases to produce 
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the same draft, and the greater will be the economy of the 
furnace. In general, chimneys are not built much less than 
100 ft. in height. 

The relation between the height of the chimney and the 
pressure of the draft in inches of water is given by the follow- 
ingformula: ^ 7.9\ 

^ ■ i Ta Wj* 

where p = draft in inches of watery 
££ ~ height of chimney in feet; 

= absolute temperature of outside air; 

Tg = absolute temperature of chimney gases. 

^psolute temperatures are found by adding 460^ F. to the 
ordinary temperatures. 

EXxIMple,— What draft pressure will be produced by a 
chimney 120 ft. high, the temperature of the chimney gases 
being 600*^ F. and the external air 60'^ F.? 

Solution.— B y the formula we find 

LTef ~ ^ (ira = -88 of 

The draft pressures ordinarily produced by chimneys vary 
from 0 to 2 in. of water. A water-gauge pressure of 1 in. is 
equivalent to .03617 lb. per sq. in. Wood requires least draft 
and the small sizes of anthracite coal the greatest draft To 
successfully burn anthracite, slack, or culm, a draft of N- in 
is necessary. * 

To find the height of chimney to give a specified draft 
pressure, the formula may be transformed: 

jj = — 

T T 

Ex AMPLE.— Required the height of the chimney to produce 
a draft of If in. of water, the temperature of the gases and of 

the external air being, respectively, 550° and 62® F. 

Solution.— By the formula we find 
Ta Tg 522 1,010 

The sizes of chimneys for boilers of various horsepower 

are given in the following table: 


172 BOILERS. 


Sizes of Chimneys and Hoesepowebs op Boilers. 


Height of Chimney in Feet. 

Actual Area in 
Sq. Ft. 

■S 

a* 

02 

Vi 

0 

o 

3 

$ 

Diameter in In. | 

60 

60 

70 

80 

90 

100 

110 

125 

150 

175 

200 

Commercial Horsepower. 

23 

25 

27 








■ ' 

1.77 

16 

18 

35 

38 

41 









2.41 

19 

21 '^ 

49 

54 

58 

62 








3.14 

22 

24 

65 

72 

78 

83 








3.98 

24 

27 

84 

92 

100 

107 

113 







4.91 

27 

30. 


115 

125 

133 

141 







5.94 

30 

33 


141 

152 

163 

173 

182 






7.07 

32 

36 



183 

196 

208 

219 






8.30 

35 

39 



216 

231 

245 

258 

271 





9.62 

38 

42 




3H 

330 

348 

365 

389 




12.57 

43 

48 




363 

427 

449 

472 

503 

551 



15.90 

48 

54 




505 

539 

565 

593 

632 

692 

748 


19.64 

54 

60 





658 

694 

728 

776 

849 

918 

981 

23.76 

59 

66 





792 

835 

876 

934 

1,023 

1,105 

1,181 

28.27 

64 

72 






995 

1,038 

1,107 

1,212 

1,310 

1,400 

33.18 

70 

78 






1,163 

1,214 

1,294 

1,418 

1,531 

1,637 

38.48 

75 

84 






1,344 

1,415 

1,496 

1,639 

1,770 

1,893 

44.18 

80 

90 






1,537 

1,616 

1,720 

1,876 

2,027 

2,167 

50.27 

86 

96 


Example.— A round chimney 100 ft. high is to he used for 
a battery of boilers of 550 H. P. What should be the internal 
diameter? 

Solution.— Looking under column 100 in “Height of 
Chimney in Feet” the nearest horsepower is 565, and the 
diameter corresponding is 60 in., which should be the inter- 
nal diameter of the chimney. 

Chimneys are usually built of brick, though in some cases 
iron stacks are preferred. The external diameter of the base 
should be ^ of the height, in order to provide stability. The 
taper of a chimney is from ^ to 1 in. to the foot on each side. 
The thickness of brickwork is usually 1 brick (8 or 9 in.) for 
25 ft. from the top, increasing h brick for each 25 ft. from the 
top downward. If the inside diameter is greater than 5 ft., 
the top length should be bricks, and if under 3 ft., it may be 
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■I brick in thickness for the first 10 ft. A round chimney is 
better than a square one, and a straight flue better than a 
tapering one. If the flue is tapering the area for calculation 

is measured at the top. 

The flue through which the gases pass from the furnaces 
to Uie chiiiiney should have an area equal to, ora little larger 
than, the area of the chimney. Abrupt turns in the flue or 
contractions of its area should be carefully avoided, as they 
greatly retard the flow of the gases. Where one chimney 
serves several boilers, the braneli flue from each furnace to 
the main flue must be somewhat larger than its proportionate 
part of the area of the main flue. 


SAFET'/ VALVES. 



. Balance the valve and lever over a sharp, knife-like edge, 
and measure the distance from the point of suspension to the 
fulcrum (center of pin on which the lever turns). 

Let a = distance thus measured in inches; 

b = distance from center of valve to fulcrum in inches; 
X = distance of weight from fulcrum in inches; 

W = weight in pounds hung on lever; 

<2 = weight of lever and valve in pounds; 

A = area of safety valve in square inches; 
p ~ pressure per square inch in the boiler. 


Then ® w= p = 

men, x ^ ^ Ah ' 


EXHAUST HEATING. 

Exhaust steam from non-condensing engines usually con* 
tains from 205 * to 2^ of w'ater and oil, the latter being employed 
to lubricate the engine cylinders. Before exhaust steam itf 
allowed to enter a heating system, the water and oil should bcr 
separated from it. 

The effect of turning exhaust steam into a heating system 
is to form a back pressure on engine, which must be avoidec? 
as far as possible by using large steam-distributing pipes. 

A direct connection to the steam boilers through a pressure* 
reducing valve must be employed, to automatically furnish 



Class of Building. RaWatiL 

sq.ft, cu.ft. 

Dwellings 1 to 50 

Offices 1 to 70 

Stores and shops 1 to 100 1 to 80 1 1 to 500 

Churches, etc 1 to 200 1 to 150 1 to 900 

The figures In the foregoing tables simply form a reason- 
able average, and allowance must be made for exposure, etc. 

Each square foot of direct radiating surface gives off to the 
air around it about U thermal units per hour per degree of 
difference between the temperature of the steam and that of 
the surrounding air. This is equivalent to about lb, of 


Indirect Blower 
Radiation. System. 

sq.ft, cu.ft. sq.ft, cu.ft, 

1 to 40 1 to 300 
1 to 60 1 to 365 


to the heating system when the exhaust fails. A relief 
valve, also, should be placed upon the system, so that surplus 
exhaust steam may escape to the atmosphere. 

To proportion an exhaust-heating system, it is necessary to 
know about how many square feet of radiating surfece we 
should empjloy to properly condense the exhaust steam from 
the non-condensing engines. To do this we must first know 
the weight of steam that would be discharged from the engine. 


From this must be deducted about for condensation in 
the cylinders, etc., in order to obtain the real available weight 
of steam for heating purposes. 


Approximate Ratio Between Cubic Contents anp Radi- 
ator Surface for Exhaust Heating. 


Class of Non-Condensing 
Engine. 


Water Used per 
Hour for Indicated 
Horsepower. 


Compound automatic 

Simple Corliss 

Simple automatic 

Simple throttling. 
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MACHINE DESIGN. 

BLUEPRINTS. 

Blueprint paper for copying tracings of -plans and other 
drawings may" be prepared as follows: Dissolve 1 oz., avoir- 
dupois, of ammonia citrate of iron in 6 oz. of water, and in a 
separate bottle dissolve the same quantity of potassium ferri- 
eyanide in 6 oz. of water. Keep these solutions separate, and 
in a dark place, or in opaque bottles. 

To prepare the paper, mix equal quantities of the two 
solutions, and with a sponge spread it eveiilj" over the sur- 
face. Let the paper remain in a horizontal position until 
the chemical has set on the surface, which will take but a 
few minutes; then hang the paper up to dry. In preparing 
The paper darken the room by pulling down the shades, as 
direct rays of light affect sensitized surfaces. The prepared 
paper should be kept in a closed drawer, 'well covered "with 
heavy paper, so that no light can come in contact with the 
sensitized surface; otherwise it will lose much of its value. 

To make a blueprint from a tracing, lay the tracing with ink 
side down against the glass of the printing frame, then take 
the prepared paper, and place the sensitized surface dowm on. 
the tracing. On the top of the paper place the felt cushion, 
on top of which place the hinged back of the printing 
frame, after which expose to the sunlight. The exposure if 

will vary in sunlight from about 3 to 10 minutes. After the 
exposure, wash the paper thoroughly in a trough of cold 
water for about 10 minutes, and hang it up to dry. 

^ The print after washing should be of a deep-blue color, 
with clear white lines. If the color is a pale blue, this indi- 
cates that the print has not had sufficient exposure, and if 
the lines of the drawing are not perfectly clear and wffiite, 
that the exposure has been too long. 

Corrections may be made on the print with an ordinary 
writing or ruling pen and a solution of washing soda, caustic 
potash, strong ammonia, or any other alkali. When any of 
these are mixed with carmine ink, the marks on the print 
will be red, thus making the corrections clear. 
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■ SPEED OF EMERY WHEELS. 

The speed most strongly recommended by their manufac- 
turers is a peripheral velocity of 5,500 ft. per min. for all sizes. 
All things being considered, it is stated that no advantage 
is gained by exceeding this speed. If run much 
than this, the wear on the wheels is much greater in pro- 
portion to the work, accomplished, and if run much faster, 
the wheel is likely to burst. 

SPEED OF GRINDSTONES. 

Grindstones used for grinding machinists’ tools are usu- 
ally run so as to have a peripheral speed of about 900 ft. per 
min., and those used for grinding carpenters’ tools at about 
600 ft. per min. With regard to safety, it may be stated in 
general that with any size of grindstone having a compact 
and strong grain, a peripheral velocity of 2,800 ft. per min, 
should not be exceeded. 

SPEED OF POLISHING WHEELS. 

Polishing wheels are run at about the following peripheral 


speeds: 

Leather-covered wooden wheels .7,000 ft. per min. 

Walrus-hide wheels ft. per min. 

Rag wheels 7,000 ft. per min. 


SPEED OF CUTS FOR MACHINE TOOLS. 

Brass: Use high speeds, about the same as for wood. 

Bronze: 6 to 18 ft. per min., according to alloy used. 

Cast or wrought iron: 20 ft. per min. is a good average for 
all machines, except millers. 30 is about the maximum. 

Machinery steel: 15 ft. on shapers, planers, and Blotters. 
20 to 45 on turret lathes, according to cut. 

Tool steel: 8 to 10 ft. 

Mining Cutters.— Gwn metal, 80 ft. per min.; cast iron, 30, 
wrought iron, 35 to 40; machinei'y sted, SO. These are good 
speeds to adopt, with a view to economy, time required for 
cegrinding, etc. 
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Twist Orllb.--Tlie best results are obtained when the rates 
' of speed of twist drills are as given in the following table: 


Diameter 

Eevoliitions of Drills per Minute. 

of Drills. 

Steel. 

Iron. 

Brass. 


940 

1,280 

1.560 

460 

660 

785 

S 

310 

420 

540 

230 

320 

400 


190 

260 

320 

% 

150 

220 

260 

/r 

130 

185 

230 


115 

160 

200 

P. 

lOO 

140 

180 

95 

130 

160 

II 

85 

115 

145 

75 

105 

130 

ll 

70 

100 

120 

65 

90 

115 


62 

85 

no 

1 

58 

80 

100 

IP 

54 

75 

95 

52 

70 

90 

1§ ^ 

49 

66 

85 

46 

62 

80 


44 

60 1 

75 

42 

58 : 

72 

40 

56 

69 

ik 

39 

54 

66 

1 

37 

51 

63 

36 

34 

49 

47 

60 

58 

m 

33 

45 

56 

i|i 

32 

43 

54 


31 

41 

52 

ili 

30 

40 

51 

2 

29 

39 

49 


The following are reeommeiided as the best rates of feed 
for twist drills: 

Diameter of drill in • 

inches .... ^ % K % 1 1% 

Nnniber of revolu- 
tions per inch depth 

of hole 125 ]‘25 120 to 140 1 in. feed per min. 
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CHAi^GE GEARS REQUIRED FOR CUTTING SCREW 
THREADS. 

The pitch of a single-threaded screw is the distance 
between two adjacent threads, measured on a line parallel 
to the axis of the screw; or, in any screw, whether single- or 
multiple-threaded, it is the distance the nut is moved by 1 
revolution of the screw. Usually, a screw is spoken of as 
having a certain number of threads to the inch, and -this is 
equal to the number of revolutions the screw must make in 
order to move the nut a distance of 1 inch; so, ■whether the 
scretv is single- or multiple-threaded, the pitch is always 
equal to 1 dhided by the number of revolutions that the 
screw must make in order to move the nut 1 inch. 

The Simp!e-Geared Lathe.—In Eig. 1 is sho’wn the usual 
arrangement of the change gears of a simple-geared screw- 
cutting lathe. By a simple-geared lathe is meant a lathe in 


which the change gears are so arranged that the circum- 
ferential velocity of the change gear on the stud is the 
same as that of the change gear on the lead screw, which 
means that, when the change gear on the stud has rotated, 
say, 6 teeth, the change gear on the lead screw has also 
rotated 5 teeth, whatever the diameter of these gears, or 
of any intermediate gears between them, may be. 

Eeferring to Pig. 1, the gear a is fastened to the spindle h 
and drives another gear c by means of either one of the 
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reversing' gears, d'. .The geo,r c. is keyed ■ to one end of the' 
spindle e; this spindle is called the stud, and cames on its 
onfer end a eliaiige gear/. Tlae lead 'screw g carries a 
change gear h; and these two change gears / and h are 
coxinecred by means of the idler gear so that gear/ drives 
gear h, and with it, the lead screw g. 

Ill maldng calculations for the change gears of a simple- 
geared sere w-entting lathe, the idler gear i is ignored, as it 
Is only introduced to connect gears / and h. The gears 
d and d' are also ignored, since they are only used to change 
the direction of rotation of the gear c, their duty being to 
fiicliitate the cutting of either right-hand or left-hand 
threads; when d meshes with gear a, as shown in Tig, 1, a 
a right-hand thread is cut, and when d' meshes with gear a, 
a left-hand thread is cut. 

The number of teeth in the gear a is not always the same 
as the number of teeth in the gear c; it is so in some lathes, 
but in others it is not; hence, in calculating the change 
gears for a,ny lathe, the number of teeth in the gears a and c 
mmt be taken into aceomit. 

By the following formulas and rules, the number of teeth 
required in each change gear in order to cut a given number 
of threads to the inch, or the number of threads to the inch 
that given change gears will produce may be found. 

Let a =- number of teeth in the spiujlle gear a; 
c =* number of teeth in the gear c; 

/ « number of teeth in the change gear on stud; 
h =» number of teeth in the change gear on lead 
screw; 

g == number of threads to the inch in the lead screw; 
n = number of threads to the inch to be cut. 


Then, n = 

it 

(1) : 


^naf 

(3) 

h n a 

(2) 

0 

(4) 


Now, of the gears h,f, c, a, a and/are the dmers, and c and 
h being driven by a and /, are called the driven gears; 
remembering this, w^e deduce, from formula (1), the following 
rule for simple-geared screw-cutting lathes; 



Ruie.— number of threads to the inch to he mi is equal to 
the number of threads to the inch in the lead screw, multiplied by 
the product of the number of teeth in each drimn gear, and 
divided by the product of the number of teeth in each driving gear. 
Example— If tlie lead screw of a simple-geared lathe has 
5 threads to the inch, and the gear a has 21 teeth, the gear e 
42 teeth, the change gear f 60 teeth, and the change gear h 
72 teeth, how many threads to the inch mil he cut? 
Solution— Using formula (1), we have 
^ - 5X 42X 72 

af 


’ = 12 teeth. 


21 X 60 

From formula (2) we deduce the following rule for simple- 
geared screw-cutting lathes: 

Rule.— T/ifi number, of teeth in the change gear on the lead 
screw, divided by the number of teeth in the change gear on the 
stud, is equal to the product of the number of threads to the inch 
to be cut and the number of teeth in the driving spindle gear, 
divided by the product of the number of threads to the inch in 
lead screw and the number of teeth in th£ fixed gear on the stud. 

Example.— If the lead screw g of a simple-geared lathe 
has 8 threads to the inch, and the gear a has 16 teeth, and the 
gear c 32 teeth, how many teeth must there be in each of 
the gears/ and h in order that the lathe may cut 10 threads 
to the inch? 

Solution,— U sing formula (2), 

j _ 7?. g _ 10 X 16 ^ 5 
f ^ g c 8 X 32 8’ 

and, if it were possible to have gears with 5 and 8 teeth, 
respectively, then a solution of the problem would be, 
h = b,f = 8. It is evident that such gears are impracticable; 
but, as it does not change the value of a fraction to multiply 
both numerator and denominator by the same number, we 
may multiply 5 and 8, each by such a number that the result- 
ing numbers of teeth in the gears are satisfactory. There is 
evidently, therefore, more than one solution to the problem— 
for if we multiply by 10 'we, shall have ^ = 50, / = SO, which 
would give 12 threads to the inch; and if we multiply by 13, 
we shall have, as another solution, h = 65, / = 104, which 
would also give 12 threads to the inch, because 
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Haring found that ~ ~ f , it is customary in practice to 

choose the change gears in the following manner: From the 
assortment of gears belonging to the lathe, choose one of 
convenient diameter, the number of whose teeth is divisible 
by either the numerator 5 or the denominator 8, and, after 
'dividing by one of these numbers, multiply both numerator 
and denominator by the quotient. 

Exasiple.— -G iven, ~ — - 1 -, to find the number of teeth in 

the two' change gears h and/, respectively. 

Solution.— C hoose a gear of convenient diameter, the 
iminber of whose teeth, say 60, is divisible by either 5 or 8, in 
this case by 5; divide 60 by 5, and the answer is 12. Then, 

5X 12 „ ■ 

8X12 “"96’ 

that is, h has 60 teeth, and/ 96 teeth. 

If one of the change gears is given, and it is desired to find 
the number of teeth in the other change gear in order to cut 
a given number of threads to the inch, use either formula (8) 
or formula (4) according as the number of teeth in gear h or 
in gear /is required. After the examples given, these formu- 
las will not need explanation. g 

In a simple-geared screw-cutting lathe, it is often possible | 

to cut a fractional number of threads to the inch, as is the case 
in the following example: 

EXAMPI.E.—- If the lead screw g has 2 threads per inch, and 
the gear a has 20 teeth, and the gear c has 20 teeth, bow many 
teeth must there be in each of the change gears / and h, in 
order to cut 5|- threads to the inch? 'I 

Solution.— U sing formula (2), j; 

h na Six 20 61 

7 - Tc “ 2 X 20 2 ‘ 

Then, choosing a gear whose number of teeth, say 32, is 
divisible by 2, divide 32 by 2 and the quotient is 16. Then, j: 

; that is, h has 84 teeth, and / 32 teeth. In [ 

2X16 82’ ’ j 

many cases, however, it is impossible, out of the assortment i 

of gears supplied with a simple-geared screw-cutting lathe, to | 
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find gears to cut a screw of the required Dumber of threads 
to the inch. In such cases, it becomes necessary eilh{=:r to 
make suitable gears or to resort to a compound -geaied lathe. 

The Compound-Geared Lathe.— In Fig. 2 is shown the n.-ual 
arrangement of the change gears of a compound-geared 
screw-cutting lathe. The difference between this and the 
simple-geared lathe lies in putting two change gears of duller- 
ent sizes on one spindle, in place of the idler betweeti the 
gear on the stud and the gear on the lead screw. These, ti,vo 
gears on one spindle are shown at i and J in Fig. 2, gear j 
meshing with' gear h on the lead screw, and gear i meshing 
with gear/ on the stud. 


From the following formulas, the number of teeth in each 
change gear, or the number of threads per inch that can be 
cut W'ith given change gears, can be found. 

Let a — number of teeth in the spindle gear a; 
c ~ number of teeth in the gear c; 

/ = number of teeth in the change gear/; 
h — number of teeth in the change gear h; 
i = number of teeth in the change gear which 
meshes with the change gear/; 
j — number of teeth in the change gear j, which 
meshes with the change gear h; 
g — number of threads to the inch in the lead screw; 
n = number of threads to the inch to be cut. 
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Now, remembering that gears a, /, and j are the drivers, 
and gears c,h, and i are the dmm gears, and also that the 
idlers are ignored in all calculations, we can, from formula 
(5), deduce the following rule for compound-geared screw- 
cutting lathes: 

Ruje„— TAc numher of threads to the inch to he cut is equal to 
'.the numher of threads to the inch in the lead screw, multiplied hy 
the. product of the number of the teeth in each of the driven gears, 
and divided by the product of the number of teeth in each of the 
driving gears. 

Ex AMPLE.— If the lead screw of a compound-geared lathe 
has *2 threads to the incii, and the gear a has 20 teeth, gear c 40 
teeth, change gear / 4S teeth, change gear'^ 72 teeth, change 
gea,rj H6 teeth, and change gear k 96 teeth, how many threads 
to the incli will be cut ? 

Solution.— Using forniula (5), w'e have 


g X c h i 
a-/i 


2 X 40 X 96 X 72 

36”" threads to the inch. 


If it is desired to find wdiat combination of change gears 
will enable ns to cut a given number of threads to the inch, 
the following formula rciiy be used: 


j gcli [ ^ 

From this formula the following rule is deduced: 

Rule.— 0/ the change gears of a lathe, any driven gear divided 
hy any dnver gear is equal to the product of the numbers of teeth 
in each of the other driver gears and the numher of threads to the 
inch to be cut, divided hy the product of the numbers of teeth in 
each of the other driven gears and the number of threads to the 
ineh in the lead screw. 

Example.— I n a compound-geared lathe, in which the lead 

screw has 5 threads to the inch, gear a 20 teeth, gear c 40 
teeth, and the number of threads per ineh to be cut is 3-L 
what must be the number of teeth in each of the change 
gears A, f,/,/? 

Solution.— U sing formula (6), we have 


i _ naf 
j ■” gch’ 


ii 

I 




THEORETICAL HORSEPOWER. 

The theoretical horsei)ower of any machine that uses a 
fluid (steam, gas, water, etc.) as a motive power, or that dis- 
charges a fluid (i. e., a pump or a fan), may he readily com- 
puted by the following formula, in which v is the volume of 
the fluid used or discharged in cubic feet per minute, and p 
is the average pressure in pounds per square inch: 

TT P _ 

• 33, OCX)* 

If, in the above formula, allowance for friction, etc. is 
made, the fin al result will be the actual horsepower. 

Example.*— A ventilating fan delivers 5,000 cu. ft. of air 
per min. at a pressure of .56 lb. above the atmospheric pressure; 
what is the theoretical horsepower required to drive the fan? 
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From the assortment of gears belonging to the lathe, choose, 
for the driven gear h, one whose number of teeth, say 2S, can 
be divided by the number of threads per inch to be cut, In 
this case 3 ^-; 28 is a multiple of SI, because it is obtained ’ 03 ' 
multiplying 3^ by 8. Substitute this value in jjlaceof Ir, then 
choose any gear of convenient size, say one having 40 teeth, 
and substitute 40 in place off; we shall then have, 

1 __ ^ ^ X 40 . 
j gcX2S’ 

or, substituting the given values of n, a, g, and c, 
i 3^X 20 X 40 _ 1 
j 5X40X28 2‘ 

Choose, for j, a gear whose number of teeth, say CO, is 
divisible by 2; then, dividing the number of teeth inf by 2, we 
have 60 -v* 2 = 30. Now multiplying both terms of the frac- 
tion |hy 30, 

€ ^ 1X30 ^ 30. 
f 2X30 60’ 

that is, i = 30, and.? 60. Hence, one solution of the prob- 
lemis, h ^ 28;i = 30; J = 60;/ = 40. 


HORSEPOWER OF ENGINES, BOILERS, 
AND PUMPS. 
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SOLUTION.- 


H. P. . = .: 


UAvp _ 144 X 5, 000 X. 56 _ ^ ^ 

38,000“ ' 33,000 — 

If all hurtful resistances are taken in this case as 20fo of the 
total horsepower, the actual horsepower will be 

12.218 (1 - .20) = 12.218 ^ .80 = 15.27 H. P. 


Example.— T he mean effective pressure computed from an 
indicator card taken from the air cylinder of an air com- 
pressor is BO.O Ib. per aq. in.; diameter of cylinder, 28 in.; 
stroke, 48 in.; miniber of strokes i)er minute, 108; what is the 
horsepower ? 


SOLITTION.- 

V = 

Hence, 


-In this ease 
28^ X .7854 X 48 X 108 
1,728 


cu. ft. per min. 


144 V p _ 144 X 282 x .7854 X 48 X 108 X 30.6 
83,000* i;72S X 38,000 


246.66 H. P. 


HORSEPOWER OF AM ENGINE. 

Let P = mean oiTective presjsure in pounds per square 
inch oil the piston during one stroke; 

L length of stroke in feet; 

A ~ area of piston in square inches; 

N — number of strokes per minute; 

D = diameter of piston in inches. 

Then, to find the indicated horsepower, 

T R P - plan _ 238 PLIPN 
33,000 10,000,000 * 

The actual horsepower may he taken as three-fourths of the 
indicated horsepower. The mean effective pressure may be 
found exactly by taking some indicator cards, -finding the 
areas by means of a planimeter, and dividing the area by 
the length of the card. Multiply the result by the scale of the 
indicator spring, and the product will be the mean effective 
pressure, or M. E. P. If no planimeter is at hand, divide the 
card into 10 equal parts and measure each part in the middle, 
as shown by the dotted lines in the following figure. 

Add all the dotted ordinates together, and divide by 10; 
this result, multiplied by the scale of the indicator spring, 
gives the M. E. P. 


(11 

i 

'■q 

'll 
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Thus, suppose a double-acting engine 26" X making 
80 rer. per min. (80 R. P. M.), gives an indicator card that, 
being divided up as shown in the figure and measured, gives, 
for the total length of the ordinates, 21.4 in. This divided by 


10 » 2.14 in. for the length of the mean ordinate. If a No. 40 
spring is used in the indicator, every inch measured ver- 
tically on the diagram = 40 lb. per sq, in., and 2.14 X 40 — 
85.6 lb. per sq. in. for the M. E. P. on the piston. Then the 
indicated horsepower, or I. H. P., equals . 

Pi A JN 85,6 X n X (.7854 X 263) x (2 X 80) _ 

3S,000 33,000 

The calculation is rendered much easier by using the sec- 
ond formula. Thus, 

T TT -p . 238 X 85.6X!§X262X(2X80) _ 

io,ooo;bod “ 

If an indicator card cannot be obtained, a fair approxima- 
tion to the M. E. P. may he obtained by adding 14.7 to the 
gauge pressure, and multiplying the number opposite the 
fraction indicating the point of cut-off in the following table 
by the boiler pressure. Subtract 17 from the product, and 
multiply by .9. The result is the M. E. P. for good simple 
non-condensing engines. If the engine is a simple con- 
densing engine, subtract the pressure in the condenser instead 
of 17. The fraction indicating the point of cut-off is obtained 
by dividing the distance that the piston has traveled when 
the steam is cut off by the whole length of the stroke. Thus, 
if the stroke is 30 in., and the steam is cut off when the piston 
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has traveled 20 in. , the engine cuts off at § strolce. Fof 
a I cut-off, and 92-lb., gauge pressure in the boiler, the M, E. P. 
is [(92 -I- 14.7) X .943 — 17} X .9 = 75.26 Ib. per sq. in. 


Cut-off. 

Constant. 

Ciit-o'ff. 

Constant. 

Cut-off. 

Constant. 


.645 

n 

772 


.9413 


.590 

A 

.794 

.7 

.954 

1 

.050 


.864 

§ 

.970 

.3 

.705 

."6 

.916 

.8 

.981 

1 

.7:-j7 

i 

.927 i 

s 

.993 


THE SLIDE VALVE- 

Figs. *4, Bj (7, and D show sections of an ordinary 0 slide 
valve at different points of its travel. Fig. .4 shows the valve 
in its central position, with the center of the valve in line 
%vitli the center line of the exhaust port. The names of the 
various parts are as follows: p and p are the steam ports: e is 
the exhaust port: s, s is the valve scat: the amount o by which 
the valve overlaps the outer edges of the steam ports is the 
outside lap: the amount i by ■which the valve overlaps the 
inside edges of the steam port is called the inside lap: the 
amount I (Fig. C) that the port is open when the piston is at 
the end of the stroke is called the lead. The valve travel is the 
total distance in one direction that the valve can be moved 
by the eccentric; it is the total distance between two extreme 
positions of the valve. The displacement of the valve is the 
distance that the valve has moved (in either direction) from 
its central position. 

The line joining the center of the eccentric with the center 
of the crank-shaft is called the eccentne radius. When the 
eccentric radius makes a right angle with the center line of 
the crank, that is, when the eccentric radius is vertical (see 
oe, Fig. JB), the valve is in its central position, provided the 
valve seat is horizontal, as is usually the case. When the 
crank is on a dead center, say a, Fig. E, the valve must be in 
the position shown in Fig. C; that is to say, the valve must 
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have moved from its central position an amount eciiial me 

outside lap plus the lead. In order that this may bayKxn, 
the eccentric must be at c, Fig.E. The angle eoc, t]i'rour4h 
which the eccentric must be moved from, its vertical 
when the crank is on a dead center, is called the c'/iglc of 
advance. 
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In Fig. the valve is shown in its extreme position at the 
right. The distance marked m is the maximum port opening. 

It matters not whether the outer edge of the valve travels 
beyond the inner edge of the port or falls short of it, as in the 
figure, the distance m bet^veen the edge of the valve and the 
edge of the port when the valve is in its extreme position is 
the maximum port opening. If, in Fig. C, the valve were 
shown moving to the left, a little farther movement would 
bring the left outer edge Just even with the outer edge of the 
left steam port, and from here on to the end of the stroke no 
more steam could enter the left end of the cylinder; in other 
words, the valve ctifc' off 2X this point. A little farther move- 
ment of the valve to the left brings the valve to the position 
.shown in Fig. D, with the right inner edge opposite the inner 
edge of the right steam port; it is at this point that compres- 
sion begins. ■ 

When designing a valve for an engine, some of the above 
quantities are assumed and the remaining ones are required; 
these may be found by means of the diagram shown in Fig. E. 

Let a 5, Fig. E, drawn to any convenient scale, represent 
the stroke of the engine; then adh will represent the crank- 
pin circle. About 0, the center of the crankpin circle, 
describe a circle a- eh\ whose diameter a' 6' is equal to the 
actual travel of the valve. Draw the line gh parallel to a 6 
and at a distance from St equal to the lead of the valve. 

Then, with a radius o'j equal to the outside lap of the valve, 
describe a circle, called the outside lap drcle^ tangent to the 
line and having its center 0' on the circle a*eh\ Draw 
the line 00', and produce it to/; then fob — eoc ^ angle oj .. 

advance. j 

Now, draw any position of the crank center line, such as ‘ ’ f 

ao, and drop upon it, from the point a perpendicular; the | 

length of this perpendicular (marked r in Fig, E) is the dis- 
placement of the valve for that position of crank center line. jj 

About the center 0' with a radius equal to the inside lap of f 

the valve, describe a circle; this is called the ivMde lap circle, I 

The radius 0 d, drawn from the point 0 tangent to the 
outside lap circle, is the position of the center line of crank | 

at the point of cut-off. Drop a perpendicular from point | 



meeting the line a 6 at k; then ak is the distance iiiOYcd by 
piston before cut-off, and the fraction of the stroke at 'v/Iueh 

the valve cuts off is represented by the fraction » 

Draw the radius 0 Z tangent to the upper side of the inside 
lap circle, and it will be the position of the center line c.f the 
crank when compressioii commences; if a perpeiidiculijr is 
dropped from point I, meeting the line ah atp, the fraction 
of the stroke of piston at which compression begins will be 

represented by the fraction 

In like manner, the radius om, drawn tangent to tlie 
lower side of the inside lap circle, is the position of the center 

line of the crank at the moment of release: and is the 

ah 

fractional part of the stroke at which the expanding steam 
is released. 

The maximum steam-port opening is equal to on^ n being 
the point of intersection of the outside lap circle vdth the 
angle of advance line of. 

The essential features of the valve diagram having been 
given, the following examples will make clear its application 
in practice: i 

Example 1. — Given, the point of cut-off, the point of 
release, the lead, and the maximum port opening, to find the 
valve travel, the outside and inside lap, the angle of 
advance, and the point of compression. 

Solution.— Draw to a convenient scale the crankpin ' 
circle adb, Fig. E, having its center at o, and its diameter ab ; 
equal to the stroke of the piston. i 

From the point a, lay off, on the line ah, the distances ak 

and ay, so that “ and ^ are equal, respectively, to the 

fractions of the stroke at which cut-off and release are to 
occur. At k and y draw perpendiculars to the line a b, inter- ' 
secting the crankpin circle at d and m, respectively; the 
radii od and om will represent the positions of the crank at 
cut-off and release, respectively. Now draw gh parallel to ah, 
and at a distance above it equal to the lead; then, about o as 
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to tMs circle, and -drop a perpendicular from ci, meet- 
ing linead at a point k; then the required cut-off is reprssoafed 

by the fraction , Draw the radius of throiigii the point r/ 

and the angle/o6 is the required angle of advance. 

Example 4.— Given, the outside lap, the lead, and the ] joint 
of cut-oflf, to find the valve travel and the angle of a<Ivaiiee. 

Solution.— Draw the crankpin circle as before, and by pae 
same method as employed in Example 1 locate the radius o d, 
the position of the crank at the point of cut-off. Driuv g h 
to ah, and at a distance above it equal to the lead. 
At a distance above the line ah equal to the lap plus the lead, 
draw another line parallel to a 5; about a center o' on this ; 
line, and with a radius o'j equal to the outside lap, describe 
a circle tangent to od and gh. Draw the radius of through 
o', then/o 6 will be the required angle of advance. About o 
as a center, and with a radius o o', describe the valve circle 
a' e b't and a' b' will be the required valve travel. 


LOCKNUTS. 

A good method of locking a nut is shown in the figure. 
The lower portion of the nut is 
turned down, and in the center of 
the circular portion a groove is cut. 
A collar is fastened by means of a 
pin to one of the pieces to be con- 
nected, and into this collar is fitted : 
the circular part of the nut. The 
nut is then bound to the collar by 
a setscrew passing through the 
latter, the point of the setscrew engaging into the groove 
turned in the nut. The following proportions have proved 
y satisfactory, in which d, the diameter of the bolt, is 
are in inches: 
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PROPORTION OF KEYS. 

In conimoii designing', the sizes of keys are . determined 
by empirical fonmilas, which give an excess of strength. Foi 
an ordinary sank key, these proportions may; be adopted; 
t == thickness of key in inches; ■ 
b — breadth of key in inches; 
d ~ diameter of shaft in inches; 

5 = id; 
i = 1 5 = d. 

LINE SHAFTING. 

The speed of a shaft is fixed largely by the speed of the 
driving belt or the diameters of the pulleys upon it. In 
general, machine-shop shafts run about 120 to 150 rev. per 
min.; shafts driving wood- working machinery, about 200 to 
250 rev. per min.; in cotton mills, the practice is to make the 
shaft diameter smaller and run at a higher speed. Line shafts 
should generally not he less than If in. in diameter. 

The distance between the bearings should not be great 
enough to permit a deflection of more than xfe in. per foot of 
length; hence, the hearings must he closer when the shaft is 
heavily loaded with pulleys. 

The maximum distances between bearings of different 
sizes of continuous shafts used for transmitting power are: 


Distances Betw'een Bearings. 


i' 

1" ' 


Distance Between Bearings in Feet. 

i'' 

1 

1 

Diameter of Shaft. 
Inches. 

Wrought-lron 

Shaft. 

Steel Shaft. 


2 

11 

11.50 


3 

13 

13.75 


4 . 

15 

15.75 


5 

17 

18.25 


6 

, 19 

20.00 


7 

21 

■22.25 


8 

23 

24^00 


9 '.,, 

, 25' 

26.00 


Pulleys that give out a large amount- of power should be 
placed as near a hanger as possible. 
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SHAFT COUPLINGS. 

A hox^ or muff, coupling is shown in the figure. It. consists 

of a east-iron cylinder 
— ... that fits over the ends 

{ shaft. The two 

V prevented 

^ from moving relatively 
to each other l;>y the 
sunk key. The key way is cut half into the box and half into 
the shaft ends. Quite commonly the ends of the shafts are 
enlarged to allow the keyway to he cut without weakening 
shaft. 

key may he proportioned by the formula already 
For the other dimensions, take 
I = 2|d + 2" 
f = .4 d-f .5" 

Example. — Find the dimensions of a muff coupling for a 
shaft 2A in. in diameter. 

UTioN.— -For the key we use the formula previoiisly 

T. ^ ^ = -1X2^ - 

For the muff, 

I = 2,} d -f 2" = 2-1 X 2-J + 2" = 8|'' 
t=- Ad + .5" = .4 X 2-1 + .r/' = 

A Jiangc coupling is shown in the following figure. Cast- 
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perfect joint the flange is usually faced in the lathe after 

being keyed to the shaft. The two flanges are then brought ■ l| 

iact; to thee and bolted together. 

Sometimes the ends of the shafts are enlarged to allow for 
the key way. To prevent the possibility of the shafts getting 
out of line, the end of one may enter the flange of the other. i 

Tim following proportions may be used for this form of 

flange coupling:; ' ]^ 

d == diameter of shaft; 7i = number of bolts. ; ’ 

D-ll-d-fP' i 



( Take the nearest whole number for ji.) 

d, = ^ + j" 

D.2 = 1.4 A 
b == I d + 1" 
e = 2h 
t Id 

The proportions for the key have already been giTen. 

In the accomj)anying figure is 
shown a flexible coupling, or uni- 
versal joint. These joints, when 
constructed of wrought iron, may 
have the following x)ro portions in 
terms of the diameter d of the 
shaft: 

a ~ 1.8d . g ■= .6d 

b == 2d h = .5 d 

c ~ d ]c== .6 d 

d = 1.6'd 


PEDESTALS, 


The names pedestal, pillo w-block, beanng, and journal-box 
are used indiscriminately. They are all a form of bearing, 
and indicate a support for a rotating piece. 
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A form of journal-box frequently used for small shafts is 
shown in Fig. 1. It consists of t’wo parts: (1) the box ihat 
supports the journal, and (2) the cap that is screwed down to 
the box. In this journal-box the seats are of babbitt, or, us it 
is commonly expressed, the box is The cap is held ' 

in place by what are called capscrews. This Is invcjnably 
done in small pedestals. 

The proportioning of a pedestal is largely a matter of 

f 


o-gu 


Fig. 1. 

experience. Few or none of the parts are calculated for 
strength. 

All the proportions of the pedestals that follow are based 
on the diameter of the journal d as the unit; the length of 
the seats is the same as that of the journal. 

For the journal-box shown in Fig. 1, the following proper- 
tions maybe used for sizes of journals from I in. to 2 in. diam- 
eter, inclusive. The diameter of shaft d is the unit. 
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e — ,375d; p ~ 1.5 d; 

/ = .08 d + ,0625"; g == 1.333 d; 

g == h75d; r=,08d; 

h — 2.45 cZ; s — .125" (constant); 

z = .3d!; i .16 d!; 

j = .33 d; u = 1.333 d; 

k = .25 d -f- .125"; v = .125 d. 

I = .08 d; 

In Fig. 2 is shown a common form of pedestal that is used 
for somewhat larger journals than the one shown in Fig. 1. 

It consists of (1) a foundation plate that is bolted to the 
foundation on which the pedestal rests; the plate Is essential 
when the pedestal rests on brickwork or masonr3% but maybe 
dispensed with when the pedestal rests on the frame of the 
machine; (2) the block that carries the seats and supports the 
journal; (3) the cap that is screwed down over the seats. The 
bolt holes in both foundation plate and block are oblong, so 
that the pedestal may be readily adjusted. 

The following proportions may be used for this kind of 
pedestal, having journals from ‘2 in. to G in., inclusive. An oil 
cup having a } in. pipe-tap shank may be used on pedestals 
for journals having diameters from 3 in. to 4 in., and f in. 
pipe-tap shank for larger sizes up to 6 in. diameter. 

Note.— T he shanks of oil cups and grease cups bought in 
the market are made with a i", or pipe thread. 
The amount of oil or grease the cup holds when filled is 
usually expressed in ounces. 

The diameter of journal d is the unit. 
a = 3.25 d; j = .375 d; r = .25 d: 

b = 1.75 d; k = 1.0625 d; a == .1875d; 

c = d; 2 = ,875 d; z = .65 d; ' 

e = ,5d; on = 1.7od; u = .75d; 

/ = .4375 d; oi = 1.25 d; v = 1.375 d; 

g = .09d; 0 == .125" (constant); x ~ .25 d; 

h ~ .3125 d; p ~ .875" (constant); y = .5d; 

i =s ,25d; q === .625 d; z = .0625 d. 
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Fig. 3 shows a pedestal suitable for the crank-shaft of a 
horizontal engine with journals fromS in. to 20 in. in niameter. 
The block may be complete in itself, as shown in ilie figure, 
but more often it forms part of the engine bed. 

The seats are in three parts, and may be adjustod hori-' 
zontally by means of the wedges ir. The lower scat may 
be raised by placing packing pieces under it. To obtain its ■ 
dimensions, use the following proportions, which are based 
on the unit d = the diameter of the crank-shaft journal. 
a 
b 
c 
e 
f 

9 
h 

h' : 


= d + 1"; 

. q' = 1.5 d; 

= .5d+l"; 

r -= .15 d; 

= .66 d; 

r' ~ .Id; 

= ,825 d-. 25"; 

ri = d; 

= .6d; 

s = .9d; 

= .lc?-t-.5625"; 

i ■=15d + .375"; 

= .Id + .25"; 

t' = .9d; 

= .08 d; 

u ^ 1.5 d; 

= .lid; 

V ^ .25d + .375"; 

= .625" (constant); 

w ~ 1.45 d; 

= .5d + 1.25"; 

w' ~ 1.47 d; 

— .375" (constant); 

= 1.75 d; 

= .175 d + .31.25"; 

a; = .Id; 

= .25d + 25"; 

y ^ .3 d + ,75"; 

= .Id + .375"; 

y' -= .2d + .5"; 

= 1" (constant); 

2 .09 d; 


p == .25if 4-.625"; 
Q 


■■ 2.5" (constant). 


1.75 d; 

Taper of adjusting wedge, 1 : 10. 

Further details of the bottom seat and the cap are shown 
in Fig. 4, in which the unit is the same as in Fig. 3, and the 
are as follows: 
a = 1" (constant); c = .08 c?; 

5 == l.C5d~-.5"; d = .Icf. 

The foundation casting, or the bed 'casting, is shown in 
Fig. 5, and has dimensions to suit the pedestal that is shown 
in Fig. 3. The proportions of the casting are given in con- 

the 
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HANGERS. 

A hanger is used when a shaft bearing is to be suspended 
from the ceiling. The figure on page 203 shows a form of 
hanger made by a leading manufacturing company. 

The frame of the hanger is divided and the parts are com 
nected by bolts. With such a form, the shaft may be more 
easily removed than when the hanger frame is a solid piece. 

The units for determining the leading dimensions of a 
shaft hanger are the diameter d of the shaft and the drop D 
of the hanger. 

The following proportions are suitable for shafts ranging 
from in. to 4 1 in. in diameter: 

A=6d + .45D; A" = .375d; 

Ai = 2d + .03D; Y = .25 d + .125"; 

^==4d + .35D; Z ^ 

C =2d + .3D; a = .15d + .375"; 

E = 2d + .2x>D\ ai = 2.4 d + .3125"; 

' F = .5d + ,01D; h = .OSd; 

Fi = 1.5d + .05 D; c = .125 d + .0625"j 


== .2d; 

/ = .375 d + 1"; 

/i == .09d + .25"; 
g = .75 d; 

gi = 1.3125 d + .125"; 
h = 1.25 d + .1875"; 


.25 d; 
.0625 d; 


Pi = .0625 d; 
g = .4d: 



HANGEES. 


Section 1,^. 
Sections^ 


wi ~ .125'' (constant); 
X = .25(1:; 


4(i + 2"; 

1,25 d; 

.75 d + .0625"; 
Ad +.0625"; 

.06 + .75"; 

,12 d + .75"; 
.3125" (constant). 
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Note.— To find Jtu draw the arc J; also, draw the ar'^' Q 
tangent to P; then, draw a straight line tangent to these ares,' 
and Pi will be the distance along the center line determlT.ed 
by B included between this tangent and the upper lace of i he 
hanger. Having found Pi, make P equal to it. 

The radius Ti is made equal to three-eighths of the thick- 
ness at the middle. 

The steps of the ball-and-socket bearings are of cast iron, 
and are bored to fit the journal w'ithout using either lining nr 
brasses. The ball and the recesses in the ends of the plugs, 
into which the ball is fitted, should be faced. The screw 
threads on the plugs may he cast on the plugs or turned, the 
latter being preferable. It is customary to use 2 threads per inch 
for all sizes of plugs. 

BELT PULLEYS. 

The accompanying table gives the dimensions of a set of 
east-iron belt pulleys ranging from G in. to 72 in, in diameter, as 

made by a well-known , 
manufacturi ng com- 
pany. These pulleys 
are so designed that the 
number of patterns ' 
may be kept within 
reasonable limits, and 
at the same time have 
the dimensions corre- 
spond as nearly as pos- 
sible with w^ell-estab- 
lished rules. 

The letters over the 
columns of dimensions 
given in the table cor- 
respond to the letters 
in the figure.;,, '.'■..■.'■'f 
In all cases the num- 
ber of arms is 6, and the arms increase in size toward the hu b, 
the taper being ^ in. per ft. 

In order to prevent heavy stresses in shafts and bearings, 
pulleys that are to run at high speeds must be carefully 
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balanced. Perfect balance' involves two conditions: (a)' the ■ 
center of gravitjrof the pulley must lie In the center line of 
the shaft, (&) the straight line joining the centers of gravity 
of any pair of opposite halves of the pulley must he perpen- 
dicular to the center line of the shaft. 

The usual method of balancing a pulley is to rivet a weight 
to the light side and test the balance by putting the pulley 
on a mandrel that is placed on two carefully leveled ways on 
which it can roll with very little Mction. If the center of 
gravity of the pulley lies in the center of the shaft, the pulley 
will stay in position when stopped with any point of its cir- 
cumference over the mandrel; if, however, one side of the 
pulley is heavier, the mandrel will roil until the hea^’y side 
is at the lowest possible point. 

While the above method does not determine whether or 
not the second condition of perfect balance is fulfilled, it is 
generally sufficient for pulleys running at ordinary limits of 
speed and reasonably well made. 

In some eases, however, a failure to meet the requirements 
of the second condition of perfect balance may result in un- 
satisfactory running and severe stresses in the shaft and its 
bearings. Consider a,.pulley in which the center of gravity 
of one half is at the right of a line perpendicular to the center 
line of the shaft while the center of gravity of the opposite 
half is on the left of the perpendicular. This condition will 
not affect the balance of the pulley wffien tested by the man- 
drel rolling on the \vays; when, however, the pulley revolves 
around the center line of the shaft, the centrifugal forces of 
the two halves act in opposite directions and along different 
lines. These forces thus form a couple that tends to bend 
the shaft. Since the centrifugal force is proportional to the 
square of the number of revolutions, it is apparent that, at 
high speeds, the bending effect may be considerable, even 
though the lack of symmetry is not very great. 

It is usually considered unsafe to run a cast-iron pulley, 
gear-wheel, or flywheel at a higher rim speed than lOO'ft. per sec. 
Since the centrifugal force increases in direct proportion to 
the cross-section of the rim, it is evident that it is useless to try 
to provide against it by putting more material in the rim. 
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Rim. 1 

Arm. 1 

Hub. 1 

Boss. 


o 




1 






g 

A 

B 

■c 

H 

E 

F 

G 

IT 1 

I 

4 

Vs 



* 

3 



1 


6 

8 



A 


g 


1 

1 

u 

ll 

10 

12 



% 

•re 

tIt 

4 

4 

1 


1 

1 

4 

4 

6 

8 

10 

Va 

■SIS 


Ixlf 

-is 

{» 

iir 

3 

3K 

/I 

1 

12 










4 

% 



t’V 

3 

34 

34 

1 

34 

6 


M. 

ItV 







8 






134 

K 

10 



Ills 

% 

5K 

% 

K 

12 










4 

air 


1 


fK 

34 

34 

1 

34 

6 

8 


iM 


4 

5 

K ■ 

% 



134 

34 

10 


TS 


% 

5K 






12 

4 

6 

a5+ 

% 


K 

tlH 

3.K 

4K 


.. 

u 

1 

134 

% 

8 

A 


ii% 

is 

i) 





10 





6 





12 

4 

6 

A+ 

M 

i]4 

1 % 

S 

OK 



1 

IK 

•/s 

8 

10 

12 

16 




«/s 

5 

6 





/a 




6H 

sji 

P 

H 



4 



l/a 

ilr 

4 

% 

/4 

134 

6 






K 



1 

8 


44- 


H 

534 



1 

10 




6 





12 





73^ 

Vs 

% 

'1% 


16 

M. 

% 

2H' 

IK 

8 





20 




9 




K 

4 

*+ 



^8 

4 ■ 

% 

% 

134 

6 




4K 





8 





5 

% 




10 

sir 

44 


K 

6 





12 




7 





16 

rfir 


2J4 

IK 

8 

% 

K 

IK 


20 




10 

1 



....... 


i 

6 "! 


10 


12 


14 


16 


18 


20 


Diam. 



PROPORTIONS OF PULLEYS. 


Table— ( Continued), 






KOPE BELTING. 


209 


I 









Table— -( Continued). 


s 

i 

Rim. 

Arm. 

Huh, 

Boss. 

s 


.4 

B 

C 

i) 

E 

F 

Q 

H 



j 

66" 

12 


Vi; 



10 

IK 

1 , 


K 


16 





llVo 

l|l 

IM 




20 


% 



m 

1% 





24 



15 


....... 




72' 

12 

16 

20 

1% 

TG 

’ 13 ’ 

re 

m 

4 % 

; Cl 

lOK 

1231 

1334 

1% 

P 

IK 

! 



2 



24 




15 

2 


i 



ROPE BELTING. 

There is a growing: tendency toward the substitution of 
herap and cotton ropes for belting and line shafting as a 
means of transmitting power in large factories and shops. 
The advantages claimed for the rope-driving system are: 

1. Economy; for a rope system is cheaper to install than 
either leather belting or shafting. 

2. In the rope system there is less loss of pkower by slipping. 

3. Flexibility; that is, the ease with wrhich the power is 
transmitted to any distance and in any direction. 

In this country, a single rope is carried round the pulley 
as many times as is necessary to produce the required power, 
and the necessary tension is obtained by passing the rope 
round a tension pulley weighted to give the desired tension. 

The ropes used in rope transmission are either of hemp, 
manila, or cotton. Manila ropes are mostly used in this 
country. They are of three strands, hawser laid, and may be 
from -i- in. to 2 in. in diameter. 

The weight of ordinary manila or cotton rope is about 
.3 lb. per ft. of length, where D represents the diameter of 
the rope in inches. Letting w = the weight per foot of 
length, w ~ 

The breaking strength of the rope varies from 7,000 to 
12,000 lb. per sq. in. of cross-section. The average value may 
be taken as 7,000 D^, when i) is the diameter of rope. 
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For a continuous transmission, it has been determined hj 
experiment that the best results are obtained when the 
tension in the driving side of the rope is about ot the 
breaking strength. That is, 


tension in tight side = 


7,000 X>- 
' 35 


2001)2. 


The ropes run in V-shaped grooves, and the coefficient of 
friction is, of course, greater than on a smooth surface. The 
coefficient for grooves with sides at an angle of 45° may be 
taken at from .25 to .33. 

The horsepower that can he transmitted by a single rope 
running under favorable conditions is given by the formula 

in which II ~ horsepower transmitted; 

D = diameter of rope in inches; 

V =* velocity of rope in feet per second. 

The maximum power is obtained at a speed of about 84 ft. 
per sec. For higher velocities, the centrifugal force becomes 
so great that the power is decreased, and when the speed 
reaches 145 ft, per sec. the centrifugal force just balances the 
tension, so that no power at all is transmitted. Consequently, 
a rope should not run faster than about 5,000 ft. per min., and 
it is preferable on the score of durability to limit the velocity 
to 3,500 ft, per min. 

Example.— A rope flywheel is 26 ft. in diameter, and 
makes 55 rev. per min. The -wheel is grooved for 35 turns of 
ly' rope. What horsepower may be transmitted ? 

Solution.— Velocity in feet per second = 

_ 26 X X 55 __ 4^ 

60 


60 


• = 74.9 ft. 


Applying the formula, 

the horsepower transmitted by one rope or turn is 


• 30.16. 


74,9X(U)Vo.r. { 74 . 9 ) 2 \ 

M 107.2 / 

Then, 30.16 X 35 == 1,055.6 = horsepower transmitted by 
the 35 ropes. 





The proportions for this rim are as follows, using the 
diameter i> of the rope as a unit: 

(X = X>; c — X 

h = ID-f fs''; /- iJy + iV'l 

c = D] g = ii); 

d = 1.6 D; 

The radii ri and are to he found hy trial; they should 
be of such lengths as to make the curves drawn by them 
tangent to the required lines. 
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MPLS.— -How many times should- a 1" rope be wrapped 
a grooved wheel in order to transmit 200 -horsepow^er, 
pcoi being 3,500 ft, per min.? 

>Lrriox. — 3,5U0 ft, per min. ~ — 58i ft, per sec. 

]■ plying ihe fjnnuiu, the horsepower transmitted with 


• — 58-3- ft. per sec. 


Iiencc, 200 li.O — IG.S, say 17 turns. 

Rope pulleys differ from belt i>ulleys only in their rims, 
Ihe inclination of the sides of the grooves may varj’ from 30*^ 
to Go®. The more acute the angle, the greater the coefficient 
and, consequently, the tvear on the rope. 

A section of a grooved rim in which the sides of the 
grooves are formed with circular arcs is shown in the figure. 
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TEe long radius JSis determined by drawing a line tlirougli 
, , the center of the rope at an angle of 22|-° with the horizontal, 
and producing it until it intersects a line drawn throiigh the 
tops of the dividing ribs; then, -with this point of intersection 
as a center, draw the curve forming the side of the groove 
tangent to the circumference of the rope. 

The advantage claimed for this groove is that the rope 
will turn more freely in it, thus presenting new sets of liberB 
to the sides of the grooves and increasing the life of the rope. 

The diameter of a rope pulley should be at least 30 
times the diameter of the rope. Good results are obtained 
when the diameters of pulleys and idlers on the driving side 
are 40 times, and those on the driven side 30 times, the rope 
diameter. Idlers used simply to support a long span may 
have diameters as smalT as 18 rope diameters, without 
injuring the rope. 

When possible, the lower side of the rope should be the 
driving side, for in that case the rope embraces a greater 
portion of the circumference of the pulley, and increases the 
arc of contact. 

When the continuous system of rope transmission is used, 
the tension pulley should act on as large an amount of rope 
as possible. It is good practice to use a tension pulley and 
carriage for every 1,200 ft. of rope, and have at least lOfJ of the 
rope subjected directly to the tension. 

Aside from the grooved rim, rope pulleys are constructed 
the same as other pulleys. They may be cast solid, in halves, 
or in sections. The pulley grooves must be turned to exactly 
the same diameter; otherwise, the rope will be severely 
strained. ________ 

TRANSMISSION OF POWER BY 
WIRE ROPE. 

Wire rope for transmitting power is made up of 6 strands 
twisted about a hemp core, each strand being composed of 
either 7 or 19 wires, according to the size of the sheaves, the 
19-wire rope being employed in eases where it is impracticable 
to use the larger sheaves required by the 7- wire rope. WTiere 
the conditions, however, do not preclude the use of the 
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proper size of sheaves, the 7-wire rope is to be recoEHoeiiclesI, 
in preferenee to the other, except sometimes on very 
short spans, where 19-wire rope is to be preferred, composed 
of the same size of wires as the smaller 7- wire rope, such as 
ivoiild ordinarily he used to transmit the po%ver, and run 
under a tension corresponding to the smaller rope, or con- 
siderably below the maximmn safe tension of the rope used. 
This is done in order to avoid stretching, which would other- 
wise occur, a,iKl the consequent use of mechanical appliances 
fo,r preserving the necessary tension. 

In flying transmission, where the rope makes a single halt 
lap at each end, the sheaves are usnally made of east iron, 
with rims having grooves lined with segments of rubber and 
leather, dipped in tar, and laid in alternately, upon ivhich 
the rope tracks. The diameters of the minimum sheaves, 
corresponding to a maximum elliciency, are as follows,, 
according to a prominent manufacturer: 

Diain. of sheave for 7-wire steel rope, 77 times diam. of rope. 
Diam. of sheave for 1.9-wire steel rope, 4G times diam. of rope. 
Diam. of sheave for 7-wire iron rope, 160 times diam. of rope. 
Diam. of sheave ftw 19-wire iron rope, 96 times diam. of ropti. 

In long-distance transmissions, where the rope makes 2 or 
more half laps at each end about a pair of drums or several 
sheaves, the rims may be lined with wood or the rope may be 
run in plain turned grooves. 

The horsepower capable of being transmitted is deter- 
mined by the general formula: 

[c ly^ - .000006 {w -f Pi -r Pii)] r, 

in which. 

D ~ diameter of rope in inches; 

V = velocity of rope in feet per second; 
w == weight of rope in pounds; 

= weight of terminal sheaves and shafts; 

^2 weight of intermediate sheaves and shafts; 
e == constant depending on the material of 
rope is made, the character of the filling or 
face material in the sheaves or drums 
which the 
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The values of c for from 1 up to 6 half laps for steel rope 
are given In the following table: 


Number of Half Laps at Each End. 


Rope on 

1 

2 j 

3 

4 

1 5 1 

6 

Iron. 
Wood. 
Rubber and 
Leather. 

5.61 

6.70 

0.29 

8.81 

9.93 

11.95 

10.62 

11.51 

12.70 

11.65 

12.26 

12.91 

12,16 

12.66 

12,97 

12.56 

12.83 

13.00 


The values of c for iron ropes are one-half the above. It 
is apparent from this table that, when more than 3 half la|:)s 
are made, the character of filling or surface in contact is 
immaterial so far as slipping is concerned. 

Where the distance is comparatively short, as in most 
flying transmissions, the effect of the weight of the rope and 
sheaves is so slight that it may be neglected, and we have 
the general rule, that the actual horsepoicer capahk of being 
transmitted by a wire rope approximately equals c tiinm the 
square of the diameter of the rope in inches, mMltipUed by Urn 
speed of the rope in feet per second. 

The tension of the rope is measured by the amount of sag 
or deflection at the center of the span, and the deflection 
corresponding to the maximum safe working tension is deter- 
mined by the following formulas, in 'which s represents the 
span in feet: 

Deflection. Steel Dope, 

Still rope at center, in ft h ~ .00004 

Driving portion, running, in ft... hi = . 000025 s 2 
Slack portion, running, in ft... hi = .0000875 

In very long transmissions it often happens that the con- 
ditions will not allow of the required amount of tension to 
drive properly with but a single half lap on the pulley. In 
such eases it is customary to give the rope a sufficient num- 
ber of half turns around successive grooves in the driving 
pulley and a series of guide pulleys that serve to lead the 
rope from one groove on the driving pulley to the next. 

With this arrangement a guide pulley at one end of the 


Iron Dope, 
h = .00008^2 

hi = .00005 

h 2 === .000175 52 
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line is nsnally made to serve the purpose of a tension ptdley 
by being momited in a movable frame that can be drawn by- 
means of a screw or a weight so as to give the rope the 
desired tension. 

PIPE FLANGES. 

The figure shows the method of flanging and bolting th© 
ends of two cast- 

STANTiARD PiPE Flaxges. n = numbcr of bolts. 


fi.OO 

7.00 

7.50 

8.50 

9.00 
9.25 

10,00 

11.00 

12.50 

13.50 

15.00 

30.00 

19.00 

21.00 


.S(U 1 ' 
.901 1 

.9-1(5 1 

1.020 11 < 
i.o*:k) ii> 
i.iso 1 }< 

1.250 Ibf 
1.300 114 ; 

1.380 ik 
1.480 

1.710 1% 

1.S70 ik 
2.170 lU 


25.00 27,50 

27.25 29.50 

29.50 32.00 

31.75 34.25 

34.00 3C.50 

36.00 38.75 

42.75 45.75 

49.50 52.76 

56.00 i 59.50 
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LINING FOR SEATS. 

Seats for large 'bearings are often lined witli Babbitt metal, 
or anti-friction metal. It bas been found by experience tliat 
a bearing will run cooler when so lined, probably because 
the Babbitt metal, being softer, accommodates itself to the 
journal more readily than the more rigid gun metal. 

Some of the common methods of lining the seats are 
shown in the figure. At (a) the Babbitt metal is shown cast 



into shallow helical grooves; at (&), into a series of roimd 
holes; and at (c), into shallow rectangular grooves. Conse- 
quently, the journal rests partly on the brass and partly on 
the Babbitt metal. 

In cheap work, very frequently the seats are made entirely 
of Babbitt metal. A mandrel the exact size of the journal is 
placed inside the bearing, and the melted Babbitt metal is 
poured around it. In better work a smaller mandrel is used, 
and the metal is hammered in, the bearing being then bored 
out to the exact size of the journal. 


CYLINDERS AND STEAM CHESTS. 

Mg. 1 shows a cylinder designed for a simple slide-valve 
engine. The front head A is cast solid with the cylinder. 
The method of fastening to the frame B is clearly shown. 

The principal dimensions of this cylinder may be deter- 
mined from the following proportions: 

D = diameter of cylinder; 

L = length of stroke -p thickness of piston -f t\nce the 
piston clearance; 

C ~ length of stroke + distance from outer edge to outer 
edge of piston rings — (.01 D -f .125") ; 

' , . 5 . 5 ?:;; 




CYLINDERS AND STEAM CHESTS. 


217 


r 




& « 4.2 z; 

C s= i; 


; d. — I; , 

= netarea of a single cylinder-tiead bolt 'whose nomiBal 
,• diameter is e 

4,000 

where A = area of cylinder head in square inches; 
P — steam pressure; 
n = number of bolts. 

The pitch of the bolts may be from 4.5 to 5.5 in., but shoiiM 
never be, more than 5/. 

/=1.5i; 

,9 = .04 P -f .125'', Takethe nearest nominal size pipe tap. 
h = twice the outside diameter of drain pipe. 
i = .0003 PD -f .375", where P is the steam pressure. If 
the steam pressure is less than 100 lb., make P = 100. 
i — .85 'i; 
k ~ 4 if 
I = .75?';' 

m = 1.01 D + .125"; 

« = 4 - 6^;, never less. Here, eis the nominal diameter 

of the bolt. 

0 = the nominal diameter of steam-chest bolts. The net 

area of a single steam-chest bolt = 

t- 4,000 

Where A' = area of steam chest; 

■n' = number of bolts in steam chest. 

p = 2.75 o; 
q = 1.5 r; 

T == 1.25 •/; 

s = i. This is required only when the length of the port 
is greater than 12 in. 

1 == 1.25 1 . When D is greater than 24 in., use 4 bolts in 

the standard and make t — 1.1 i. 

: 1.5 i; 

17 =s .25" (constant). 

The dimensions of the st€am ports, exhaust ports, and other 
gteam passages depend on the velocity of the flow of steam. 
The ports and passages must be large enough to allow the 
steam to follow up the advancing jaston without loss of 







'IJ 
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pressure. . The maximum allowable Telocity of the steam in 
the passages, wlien they are short, is about IGO ft, per sec. 
But,' with the ordinary ratio between the length of eonnect- 
ing-rocl and length of crank, the average velocity is about 
five-eighths of the maximura. Hence, the allowable average, 
velocities are 100 to 125 ft. per sec. for long and short passages, 
respectively. 

Let ^ -== length of port in inches; . 

h = breadth of port in inches; 

A =' areaofeylinder; 

S = a verage pi.ston speed in feet per second; 

V = average velocity of steam in feet per second. 

Th'eii, area of -port X velocity of steam — area of piston 
X velocity of ptiston, or lb v — A S; whence, 

V 

For long indirect passages, take v = 100; and 'for short 
'dii'ect passages, take v — 125. 

The constant 1,00 may be used for v, when designing plain 
slide-valve engines of the ordinary type, which cut off late in 
tlie stroke, and 125 may ]:)e used for higii-speed engines with 
early cut-off, and for the Corliss type. 

The area of tlie exhaust port or ports may he from to 2| 
times;the area of a steam port. 

The area of the cross-section of the steam pipe is apiproxl- 
mately equal to the area of the steam port; likewise, the area of 
the exhaust pipe should be equal to that of the exhaust port. 

The length I of the port may be .6 1> to .9i> for slide-vj 
engines, and about .9 B to B for the Corliss type. 

The height id. Fig. 1, of the valve seat must be such that 
the area of the most contracted part of the exhaust port is not 
less than of the area of the steam port. 


THE STEAM CHEST. 

Fig. 2 shows a steam chest for the cylinder illustrated in 
Fig. i. The principal dimensions are to be determined by 
the following propwtions, which are based on the thickness 
i of the cylinder walls, and on 
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length of valve -f travel of valve + twice the eleai> 
ahce between the valve and the steam chest at ends 
of valve travel; 

breadth of valve + twice the clearance between one 
valve and steam chest; 


= 2.75 0 , where o is the nominal diameter oi the steam- 
chest ^Its, as in Fig. 1; 

e = .04 ]/ A' + .125" for all areas above 100 sq. in. 
A' = area of steam chest, outside measurement, in 
square inches; 

/ = 1.3e; 
p .85 r, 

h = height of valve + necessary clearance; 


■ . 2.5 i. 

Note.— W hen the area of the steam-chest cover is less than 
100 sq. in., its thickness e may be made equal to i. If the pea 
of the steam-chest cover exceeds 600 sq. in., the height of the 
Tibs should he 3.5 i, and their number should be increased. 
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where ei is the numerator of the frac 


Fig. S shows a design for a steam-chest cover when the 
steam-pipe flange is on one side of the steam chest. Deter- 
mine the thickness e hy the same formula and rules as for the 
cover in Fig. 2. The other dimensions are found as follows: 
c = .75 e; J = 2.6c; 

/==1.3c; r ~ 6e. 

p should never exceed the distance in inches given by the 

formula p = where Ci is the numerator of the frac- 
tion expressing the / ».■ r-T 

.tt,- , . XI fo O O ! O O ^ 1 

thickness of the , . 

■cover ill sixteenths ^1 1 / ' 

of an inch, and Pj, ' r ! | f ' 

Is the gauge boiler J _ j! !_ „ | _ J. 

pressure in pounds ~ p 1 ' '**1 

per square inch. ^ jl ! I- , 

Example.— Find | j jj | | 

.the maximum o V| [ 

pitch of the nb.s — J w 

for a cover in. > — j>- — 

thick, subjected to 
a steam pressure of 
160 lb. per sq. in. 

'■ Solution.— S ubstituting in the formula for p, we have 

/'id X Cl's ;40l< ''l5‘-i 

Fig. 4 shows a Corliss engine cylinder that may be 
designed according to the following proportions: 

D ~ diameter of cylinder. 
a = 1.21 D + 2e +1.22'^; g ^ .2 e) 

b = 2 D + 1.125'^; ft = ?> -r 2 (c 4- g); 
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e; take diameter nearest 
standard size , t)olt; 

1.2 <s; take diameter nearest 
standard size t)olt; 

1.1 X -f 2.25", ■where x =» 
diameter of piston rod; 


1.25 e; 

1.3 d; 

.25 D; 

.32 D; 

1.2d; 

1.5 d; 

(see note) 



■i 



Inlllw 



ihP 





A is to be made according to proportions gi-ven on page 215, 
Bolts to be made according to tbe same table. 

Note. — The bolts for cylinder heads are to be calculated 
from the formula given lor cylinder-head, bolts in coniiee-- 
tioii with Fig. 1. 

Ill this cylinder the stuffingbox S is a separate piece that 
is to be bolted to the cylinder head. 

CRANK-SHAFTS. 

, For Iiigli-speed, automatic short-stroke engines, tlie follow- 
iiig formula corresponds ^^'ith good practice; 

d = .44 i) -r Fh 

where d is the diameter of shaft and I) is the diameter of 
cylinders. 

For the Corliss type, in which, the stroke is equal to or 
greater tlian twice the diameter, 

d .34 1) -i- 2F', 

when D is equa.l to or great-er than 16 in. IVjien I) Is less 
than 16 in., d ^ 4 1). 


PiSTOisiS. 

A form of piston that is ■much u-ed diown in the folio w« 
ing figure. It consists .simply ol ti hoilow circala-r disk of 
cast iron. 
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Tib.© packing’ rings s, $ are , made of cast iron, and are-, 
split and sprung into place. Tiieir elasticity causes tlieiii to 
press against the cylinder walls and thus prevent the leakage 
of steam. 

The following proportions will give dimensions suitable 
for this piston: 

D = diameter of cylinder in inches; 
a - ,2D + l,5"; == 

h diameter of piston rod; r — .5 c; 

5' =25; coreplug; 

c ~ .18 1 / 21 ) — .1875"; number of ribs — M(D -f .vij. 


CONNECTING-RODS. 

The hgure shows a strap-^nd conneoting-md. The straps 
Cl and C 2 are fastened to the ends of the rods by means of the 
gibs ai and «« and the cotters bi and &«. The cotters are heM 
in place by the setscrews Si and Small steel blocks shown, 
between the ends of the setscrews and the cotters are used to 
prevent injury of the cotter by the setscrews. 

The rod, cotters, gibs, and sti’aps may be made of either 
wrouglit iron or steel. The crankpin brasses are siiown 
babbitted and wristpin brasses wnthout babbitt. The brasses 
are adjusted by means of the cotters, which draw the straps 
farther on to the rod w'hen they are driven in. 

The dimensions for the rod are given by the following 
proportions; 

For wristpin end; 

X> — diameter of cylinder; 
d = .21) = diameter of 
wristpin; 

n ^ .1551) + .0625"; 


2 c ^ ~ a factor for use 

.. 4 ■ 

in finding proportions 
below; 

« = .75d + .125"; 

.76d + .125"; 

d T/2jir; 


t .25 5; 

. .125 d; 

» .26 D + .5" for cylinders 
to 26" in diameter, and 
f ^ .2SD for cylinders 
above 26" in diameter; 
« 1.3 MJ 

c’ 

. 323 ?. 

' h ‘ 



- - ' 


t. ••.:'• 

I , / ' :-• 




CGNNECTING-KOBS. 


1.35 d for wristpins up 
to 3.5" in diameter, 
andm «= 1.48 w for pins 
above 3.5" in diameter; 
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p = .33 &; 

q = 1.125 d for wristpinsup 
to 3.5" in diameter, and 
q = 4", constant, for pins 
abov'^e 3.5" in diameter; 

The taper of the cotter is in. 

Proportions for the crankpiii 
D == diameter of cylinder in 
inches; 

d' = .28 i) == diameter of 
crankpin; 

w’ 5= 1.1 n; {n = .155 D + 
.0625"); 

x' 2 ^ a factor used 

4 

below; 
a ~ Sibd'\ 
a' == .75 d'] 
b =* 1 / 2.5 x" 
c' = .25 6; 
e = .125 d'; 

f = .26 D for cylinder diam- 
eters up to 26", and 
/ — .28 D for cylinders 
above 26" in diameter; 
g = 1.3 n = same as wrist- 
• pin end; 


r = n; 
s s= .125 d; 

«.=.1.35d; 

= .02D + .25"; 

V — .125 d. 
per foot, 
end: 

. ^ ^2 x'. 
h ^ 

_ g same as wristpin " 
' “1.8 d end; 
t ** . 0/0 5; 

?»=!s1.3#; 
o *=» .25 5; 
p s=» .33 5; 

« same values -as for, 
wrist pin end; 
r =a l.l w; 
s = .125 d; 
t = 1.35 d'; 

V « .125' (constant); 
w = .02 D 4- .0625"; 

where D — length of 
rod, and 

S' = stroke, both in 
inches, 
per foot. 


The taper of the cotter is | in. ] 


ECCENTRIC AND STRAP. 

The figure shows an eccentric sheave and strap, both of cast 
iron. The eccentric sheave is cast solid, and must be slipped 
over end of shaft. The eccentric rod is held in a boss on 
the strap by a cotter. For eccentrics used with valve stems 
^ in. in diameter or less, holes for boltsd are not to be cored. 
4. ^ boss for oil cup; B == cross-section of rib r. 
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Tlie stuffiiigbox 'Of , 
the form shown in the ■ 
figure is generally used 
for small worlj, such as 
the si)indles of 
etc. Tlie oiitsicie of tlie 
stuffingl:>ox is tlireaded . 
to receive a hexagonal 
nut that fits over' the. 
gland. As the nut is 
screwed down, the 
gland is pressed down-, 
wards and compresses 
the i)acking. 

The proportions 
used are: 

d — diameter of rod; / = d + .125^'; 

a = 2.5 d -f .5'"; <7 = 2 d + .25"; 

h = 1.5d + .125"; h = 1.5 d -j- .25"; 

c = 3d -I- .25"; i = .25 d -f .0025"; 

€=3.5d+625"; /; = .5d. , 

This design may be used for rods up to li in. in diameter. 
Make the number of threads per inch the same as for a 
bolt whose diameter is equal to the diameter of the rod. 


GEARING. 

The circidar pitch of a gear-wheel is the distance in inches 
measured on the pitch circle from the center of one tooth to 
the center of the next tooth. 

If the distance of the teeth of a gear thus measured were 
2i in., we would say that the circular pitch was in. 

Let P = circular pitch; 

JD = diameter of pitch circle, in inches; 

■ C = circumference of pitch circle, in inches; 

N == number of teeth; 
ir = 3.1416. 
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' /vv* V-'; 


Then, , P 


Addendum = .3P. Boot == AP. 


The thickness of the teeth for a cut gear is equal to .5 P, 
and for a cast gear .48 P. 

The diameiml pitch of a gear-wheel is the name given to 
the qiiotient that is obtained by dividing the number of teeth 
; in the wheel by the diameter of the pitch circle in inches; or, 
the diametral pitch may be defined as the number of teeth 
oil the circumference of the gear-wheel for 1 in, diameter of 
pitch circle. 

A gear with a pitch diameter of 5 in., and having 40 teeth 
Is 8 pitch; one with the same pitch diameter and having ' 
70 teeth is 14 pitch. 

In the gear of S pitch there are S teeth on the cireumfer- 
ence for each inch of the diameter of the pitch circle; and in 
one of 14 pitch there are 14 teeth on the circumference for 
each inch of the diameter of the pitch circle. 

Let P = diametral pitch; 

I) = diameter of pitch circle, in inches; 

N = number of teeth; 
d = outside diarneter; 

I = length of tooth; 
t == thickness of tooth; 


P = ^. i) = f. A’'= PD. « = 

The circular pitch corresponding to any diametral pitch 
may be found by dividing 3.1416 by the diametral pitch; and 
the diametral pitch corresponding to any circular pitch may 
be found by dividing 3.1416 by the circular pitch. 

{a) If the diametral pitch of a gear is 6, what is the cor- 
responding circular pitch ? 

(&) If the circular pitch is 1.570$ in., what is the corre- 
sponding diametral pitch ? 

(a) 5:f«=.52S6in. (5)141=2. 
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.2fU8 

.2214 

.•j%2 
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■Diameteal Pitches With Theie Coeresponeing CiRCTii..AE 

Pitches. 


3.1416 

1.5708 

1.0472 

.7854 

.6283 

.5236 

.4488 


Diametral 
Pitch, or Teeth, 
per Inch in 
Diameter. 


Correspond- 
iiig rciilar 
Idich. 


Diametral 
Pitch, or Teeth, 
per Inch in 
Diameter. 


Correspond- 
ing- Circular 
Pitch. 


ELECTRiClTY. 


PRACTICAL UNITS. 


The volt is the practical unit of electromotive force or elec- 
trical pressui’e. It is that electromotive force which -will main- 
tain a current of 1 ampere in a circuit whose resistance is 
2 ohm 

The electromotive force of a DanielTs cell is 1.072 volts. 

The ampere is the practical unit denoting the strength of an 
electric current, or the rate of flow of electricity. It is that 
strength of current or rate of flow which would be maintained 
in a circuit whose resistance is 1 ohm by an electromotive 
force of 1 volt. 

One ampere decomposes .00009342 gram of -^vater (PToO) per 
second; or deposits .001118 gi-am of silver per second. 

The ohm is the practical unit of resistance. It is that resist- 
ance which will hmit the flow of an electric current under an 
electromotive force of 1 volt to 1 ampere. 

The legal ohm is the resistance of a column of mercury 106 
centimeters long and 1 square millimeter sectional area at 0° C. 

One mile of pure copper wire ^ in. in diameter has a 
resistance of 13.59 ohms at a temperature of 59.9*^ F. 
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PEACXICAL UHim 


. To make the significance of these units -clearer, take the 
analogous ease of water flowing through a pipe under a preS:- 
Eure of a column of water. The force that causes the ■water to 
flow is due to the pressure or head; the flow or current of .'i 

■^vater is measured in gallons per minute; and the resistance ■' 

that opposes or resists the flow of wmter is caused the fric- 
tion of the water against the inside of the pipe. j 

In eleetrote clinics, the electromotive force or eleetrieiil | 

potential expressed in volts corresponds to. the pressure or I 

head, of water; and the resistance in ohms to the irietioii in | 

the. pipe. ^ 

The unit that expresses tlio rate of irammusiori of eleeiricitu I 

per second is called the ampere, ‘while the flmv of water is ex* J 

pressed in gallons per minute. S 

In cither case the strength of current or rate of How depends | 

on the ratio between the pressure and the reslstaiiee; for, tiz I 

tlie pressure increases, the* current increases proportioniitely; | 

and as the resisfuiKM-' increases, tin.' current dhniiiis,ho.s. | 

This rehiliou, as np[>'iied to electrielly, was di.-eovcTed by I 

3Dr. Ch S. Obiii, and has since been called Ohiidslinv, | 

Ohm’s law.— TZ/e strength qf the eurreni in amg ciremt U | 

directlg proportional to the clairomoUt'e force in that circuU I 

and itiverschj proportional to the 'r<:sy‘«/a??cc of that cireuU, h e.,' ii 

is eqiial to the quotient arising from liividing the dvctroinotice f 

force hy the resistance. 'I 

Let E 5= eleetroinotive force in volts; '’I 

resistance in ohms; i 

C « strength of current in amperes. ? 

FE 1 

Then € ^ t,* ^ = GR. f 

it V 

Ex AMPLE.— The eleetn >motive force of a circuit is 110 volts, || 

and its resistance is 55 ohms; what is the strength of currents jt 

^ ' Solution.— E *« 110 volts. E «• 65 ohms. C « ^ || 

it 55 . || 

*5= 2 amperes. ' ' ll 

The unit by W'hich electrical power is expressed is called .?] 

the waU, It is that rate of doing work when a current of \\ 

1 ampere is passing through a conductor under an electro- .l‘| 

motive force of 1 volt, and is equal to ^ of a horsepower. -J 
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Let J7 « electromotive force in volts; , 

C =» strength of current in amperes; 

JS = resistance in ohms; 

W = power in watts; 

H. P. = horsepower. 

r= {72Xi2-~. 

H P ~ 

‘ * 746 746 i2 X 746 746* 

One kilowatt is equal to 1,000 watts: sometimes abbrevi- 
ated to K. W. 

Watt hour is a unit of work. It is used to indicate the 
expenditure of an electrical power of 1 watt for 1 hour. 

Example.— The resistance of a lighting circuit is 5 ohms 
and the electromotive force is 110 volts, (a) What is the 
amount of electrical power in watts required for this euiTent? 
(&) What is the equivalent horsepower? 

Solution.— E = llO. i? ^ 5. 


2,420 watts. 


12X746 5 X 746 

Conductivity is the name given to the reciprocal of the 
resistance of any conductor. There is no unit by which to 
express conductivity. 

Note.— The reciprocal of any number is unity divided bv 
that number. Thus, the reciprocal of 2 is 1 or .5. 


Thus, the reciprocal of 2 is i or .5. 


CURRENTS. 


RULES FOR DIRECTION OF CURRENT, ETC. 

To determine the direction of a current in a conductor 
by the aid of a compass; 

Rule. If the current flows from the south pole over the needle 
to the norths the north end of the needle will point towards the 
west^ as tn Fig. 1. If the compass is placed over the conductor so 
that m current will flow from the south under the needle to the 
north, the north end of the needle will point towards the east, as 
in Fig. 2. 


CURRENTS. 
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To determine the polarity of an electromagnet: 

Rule.— Jn looJdng at the face of a pole {Fig. 3), if the current 


fioivs in the d.irecti07i a, of the kaiuU rf" a watchy it will be a south 
pole, and if in the opposite direction b, it will Iw a north pole. 

To deteraiine the direction of an induced current in a 
conductor that is moving in a magnetic field: 

Rule.— PZacc thumb, 

forefinger, and middle 

finger of right hand, each J® 

at a 7'ight angle to the other 

two, as shown in Fig. U; Jt/j. 

if the forefinger shows di- W/M 

rection of lines of force - 97 ^ 

and the thumb the direc- 

Hon of motion of conduc- ^ 

'tor, then the middle finger 

will show the direction of the induced current. 


Note. — The above rule 
will give the polarity of 
a dynamo. 

To determine the di- 
rection of motion of a 
conductor carrjdng a cur- 
rent when placed in a 
magnetic field; 
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Rule.— Ptoce thumh^ JoreJinger^ and middle finger of the lefi 
hand, each at aright angle to the other two, as shown i')t Fig. 5; 
if the forefinger shows the direction of the lines offeree and the 
middle finger shows the direction of the curreid, then the thiiinb 
■will shoiv the direction of motion of the conductor. 

Note.— T he above rule 'vvill give the polarity of a inotur. 


OER8VED OR SHUMT CmCUITS. 

A circuit divided into two or more branches, each bj’anch 
transmitting part of the current, is said to be a deriveil cirnitf; 
the individual branches are in multiple-are, or parallel wiili 
each other. 

To find the joint resistance of a derived circuit: 

Rule.— As the conductivity of any conductor is equal to the 
reciprocal of its resistance, then the joint conductivity of two or 
more circuits in parallel is equal to the sum of the reciprocals of 
their separate resistances. The joint resistance of two or more 
circuits m parallel is equal to the reciprocal of their joint 
conductivity. 

In a derived circuit of three branches, let ri, fo, and nt be 
the resistances of the three branches, respectively. Their 
joint conductivity, or the sum of the reciprocals of their 
resistances, is 

i i _L 1 or ^2 n + ri Vs -f n fg 

ri r 2 rf ri iv 

Their joint resistance is, therefore, 

■ ^ or ' 

fa ^3 i- n rs i- ri rf fa + n ra -f- n rg' 

The joint resistance of a derived circuit with but two 
branches in parallel may be thus expressed. 

product of their res ist ances 
sum of their resistant”"’ 

Example.— T he resistances of two branches of a derived 
circuit are 20 and 30 ohms, respectively. Find their joint 
resistance. 

Solution.— 

product of their resist an ces _ 6TO _ . 
sum of their resistances “ 50 “ ohms. 


WIRING. 


To find the strength of currerit in tlie separate brandies ol 
a derived circuit; 

Rw!e.-~d curmit'is divided cmiong the hrajiches of a derived 
chrud t’u proportion to their conduetimiies~~i. e,,to the reciprocal 


Exa.’uplk.— [ lie resistances of tlie two branches J. andiR 
of a derivetl circuit are 20 and 30 olnns, respectively, and the 
rottil current in die main circuit is 00 amperes, what is the 
current in CiUCi ? The conductivity of A is and of B 

Solution.— I f f] represents the current in A, and Ca 
rex>reseiits the current in B, 
then, Cl ; C-2 — 

Cj (7l 30 3 

Hence, a = or ^ ^ 

Now, Cj c. = no, or Q = eo — Ci. 

Substituting, = |: 

Cl == 3(>, and Ca = 24. 

WtRiNG. 

INTERIOR WIRING. 

A mil is a unit of length used in meassuring the diameters 
of wares, and is equal to .001 in. 

A circular mil is a unit of area used in measuring the 

7854 

cross-sections of wires, and is equal to 

The sectional area of a wire expres.sed in circular mils is 
equal to the square of its diameter in mils. 

Let c. m. = circular mils; 

C == total current in amperes; 
c = current in amperes to each lamp; 
n = number of lamps in multiple; 

V — volts lost in line; 
r == resistance per foot of wire; 
d = distance from dynamo to lamps. 

The resistance of 1 ft. of commercial copper wire, 1 mil 
in diameter, at a temperature of 75^ F., is 10.8 ohms. 


r 
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A 1C c. p. (candlepower) 110-voIt lamp takes abor/r 
.5 ampere; a 16 c. p. 55-volt lamp takes about 1 ampere. 

All calculations for size of wire mu.st be cheeked by coki- 
paring 'wltli a table of safe carrying capacity (see table nri 
pages 238 and 239), and the current value there giver- nrost 
not be exceeded. 

To find the size of wire for 110-volt circuit with 16 e. 
lamps; 

nd‘ 

„ , , , 10.8 n d 

For large cables, c. m, = — - — 

Example.— -Find the size of wire necessary for a circuit 
supplying current to 50 110-volt 16 c. p. lamps, 300 ft. from 
the dynamo, allowing a loss of in line. 

Solution.— -Volts at dynamo == = 115.8. 

Volts lost in line = 115.8—110 = 5.8 — v. 

Then, r .= m = .000380 ohm per ft., 

.386 ohm per 1.000 ft. 

The nearest size of wore, as given in the table on page 288, 
is No. 6 B. & S., and its current capacity Is 35 amperes; there- ' 
fore it is safe. 

To find the size of wdre for a 55-volt circuit with 16 c. p. 
lamps; 

v 

^ ” 2nd' 


For large cables, c. m. = 


21.6 n d 



Example.— What size of wire should be used for supplying 
current to 75 16 c. p. lamps on a 55-volt circuit, the distance 
^om dynamo being 230 ft., and line loss, 4 volts? 

Solution,— 

^ = 2^ = SXOT = " 

== .116 ohm per 1,000 ft 

By referring to the table, (page 238) the nearest wire is 
found to be No. 1 B. <fe S., and its carrying capacity is greater 
than the current (75 amperes) th.at it is to conduct. 


INTERIOR WIRING. 
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To find tlie slse of wire for any circuit o.n a 2-wire system: 

111 general, r = — ^ • 

OX2d' 

or, ' c. m.. = 

v ' 

Example. — ^W liat wire should be used to' carry 450 amperes 
a distance of 600 ft., the allowable drop beiiig^ and the 
E. .M. F. at the end of the circuit 115 volts ? 

S'jiUTioN.—Volts at dynamo = —2 ~ i22.S, 

.94 

Volts lost in line = 7.3. 

Then, c.m. = “AXl>y2^ = 798,800. 

, Comparing this number iTith the table on page 2:19, giving 
oiirrent capacity of cables, it will be seen that it is within the 
preseribed limits. - ' ■ 

These formulas may be used for feeders, mains, branch 
mains, service mains, and inside wiring on continuous-curreiit 
circuits, and for secondary wiring on alternating systems. 

To find the size of wire for a 110-volt circuit, S-wire system, 
16 c.p, lamps: 

’’ ^ wire. 


For large cables, 


for each wire. 


In checking for carrying capacity, remember that the wire 
carries only one-half the current that would be used on a 
2-wlre system, as the voltage between the outside conductors 
is double the voltage at the terminal of 1 lamp. 

EXAMPLE.—What should be the size of the conductors for 
a 3-wire system, -when 132 110-volt, 16 c. p. lamps are installed 
■at a distance of 210 ft. from the source of supply, the loss 
being 4 volts? 

Solution.— ' , 

4X4 

^ ~ 132 ~ X 210 ~ 

= .577 ohm per 1,000 JEt. 

This w’ould call for a wire between Nos. 7 and 8. The 
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current will be = 33 amperes; but this is too much 

for the %vire to carry, and No. 6 B. & S. ’tvire should be used, 
notwithstanding the somewhat less drop in volts that -will 
result. 

For continuous-current circuits, loss is usually allowed, 
with full current from the dynamo to the lamps. For !< 'Uji- 
distances a larger line loss may be allowed, if the ilyniiniu U 
wound for that loss. 

Dimensions, Weight, and Resistance of Con eu Wiee. 









.•.v*'. I* V 
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Garbying Capacity of Cables, 


Yoits lost in line ~ 52, 


Area. . , 
Cireular 
Mils. 


Current. 

Amperes. 


Area. 

Circular 

Mils. 


Current. 

Amperes. 


200,000 

299 


200 

1,200,000 

1,147 

715 

S00,000 

^i05 


272 

1,300,0(50 

1,217 

756 

400.i)0U 



OoO* 

3,400,000 

3,287 

■ 796 

500,000 

595 


092 

1,500,000 

1,356 

8Si> 

6(VJ,l.i;0 

CS2 


445 

1,000,000 

1,423 

873 

700,000 

7G5 


494 

1,700,000 

1,489 

910 

SOO.OOO 

8!6 


541 

1,800,000 

1,554 

946 

900,000 

92-1 


oS6 

1,900,000 


981 

1,000,000 

1,000 


000 

2.000,001} 


1,015 

1,100,000 ' 

1,075 


073 1 




To find the 

1 size 0 

fv 

'ire on primary circuits for alternatinj 








e 

m =3 


SX2d^ 

'(V 






V 


X 2 (f 



= the total current in amperes on f>rimary eirciiit, and 
may be determined by di\i.ding the total current on the 
secondary circuit by the product of the ratio and efflieieney 
of conversion. 

The ratio is generally 20 to 1 on a 1,000-volt apparatus when 
using 5‘2-volt lamps, and 10 to 1 ^vhen using 100- to 110-volt 
lamps. 

The efficiency of conversion can be taken as 95^ in ordinary 
transformers. 

Example.— I f the losss is find the size of wire necessary 
on a 1,000-volt primary circuit when the distance between the 
dynamo and transformer is 2,000 ft,, and the dynamo is supply- 
ing current for 500 16 c. p. 52-TOlt lamps. 

Solution.— 

tro.i+r, _ IiOOO - ncfv 
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10.8 X 2 c/ X iU.s X ‘i,uuu __ 

c.m. ^;=-- , 

A,,f^ __ ^ = .000415 ohm per ft., or 

Alia ^ 2d 29.21 X 4,000 

.445 ohm per 1,000 ft. This gives No. G B. & S. See page ‘irlK. 

Eor alternating systems under ordinary conditions, 5':i los.s 
at full load from dynamo to transformer on primary circuit is 
a maximum, although some dynamos are specially %vound 
for IQfc loss. A loss of from Ifc to 'Ifc may he allowed on 
secondary circuits from transformer to lamps. 


incandescent lamps. 

current in amperes to each lamp; 
electromotive force in volts; 

— = resistance of lamp when hot; 

candlepower of lamp; 

watts per c. p. (often called lamp efficiency) 

..r .... 


The number of candles per electrical n.P. - w.perc.p.' 

W. per c. p. X c. p. 

C — "■ 

As the commercial efficiency of good dynamos is about 
the calculations of candles per electrical H. P. must 
•be ’multiplied by .90 to give the number of candles per 
mechanical H. P. 

Lamp Efficiencies. 

3.1 watts per c, p., or 12 lamps, 16 c. p., to 1 mechanical H. P. 
3.6 watts per c. p., or 10 lamps, 16 c. p., to 1 mechanical H. P. 
4.0 watts per c. p.. or 8 lamps, 16 c. p., to 1 mechanical H. F. 
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Fig, 2. 

tBis being the Gonventional method. In the parallel arrange- 
ment of the bells, they are independent of each other, and the 
failure of one to ring would not affect the others*, but in the 


Note.— Lamps of an efficiency of 3.1- watts per c. p. should 
not be used where the voltage averages, for any length of 
time, more than 2^’i high; lamps of 3.6 watts per c. p. should 
not be used where the voltage averages more than high; 
and lamps of an efficiency of'4 watts per c. p. should be used 
where the regulation of the plant receives little or no atten- 
tion. If these cautions are not follow^ed, the life of the lamp 
will be greatly diminished. ' ■ ' 

Size of Wire for Arc« Light Circuits.— For ordinary distances, 
or small currents, use No. SB. & S. wire. For longer distances, 
or large currents, use No. 6 B. & S. wire. 


BELL WIRING. 

The simple bell circuit is shown in Fig. 1, wffierep is the 
push button, b the bell, and c, c the cells of the battery con- 
nected up in series. 

When two or more 

bells are to be rung Ktf 

from one push but- > ^ 

ton, they may be 

Joined up in parallel fmipS 

across the battery ^]|y| ^ 

wires as in Fig. 2 at a 

and 5, or they may be arranged in series as in Pig. 3. ■ The 
battery B is indicated in each diagram by short parallel lines, 
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series grouping all but one bell must be changed to a single- 
stroke action, so that each impulse of current will produce 


only one moTement of the hammer. ' 


Fig. 3. 


The current is then 
interrupted by the 
vibrator i ii t h e re- 
maining bell, the 
result being that each 
bell will ring with 
full power. The only 
change necessary to 


produce this effect is to cut out the circuit-breaker on all but 
one bell by connecting the ends of the magnet wires directly 
to the bell terminals. 

When it is desired to ring 
a bell from one of two places 
some distance apart, the 
wires may be run as shown 
in Fig. 4. The pushes p, p' 
are located at the required 
points, and the battery and 
bell are put in series with 
each other across the wires 
joining the pushes. 

A single wire may be used 
to ring signal bells at each 
end of a line, the connections Fig. 4. 

being given in Fig. 5. Two batteries are required, JB and 
and a key and bell at each station. The keys k, ¥ are of the 
double-contact type, making connections normally between 


Fig. 5. 

bell h or b' and line wire X. When one key, as k, is depressed, 
a current from JB flows along the wire through the upper con*- 
tact of ¥ to bell b' and back through ground plates G, 
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ANNUNCIATOR SYSTEM. ' 


%heii a bell is iiiten.cied for use with burglav -alarm appa- 
ratus, a constant-ringing attachment may he introduced, 
W'hich closes the bell circuit through an extra wire as soon as 

the trip at, door or — ^ — 

w!a,dow is disturbed. Q 

In the diagram, Fig. 6, 0‘ 

the main circuit, '^u j 

when the push, p is __ 

depressed, is through 
the automatic drop d 

by .way of the termi- « j 

nals a, ,5 to the bell 

and battery. This Eic«. G. 

current releases a pivoted arm which, on falling, completes 
the eireuit betv/een b and c, establi.shing a new path for the 
current by way of r. independent of the imsh p. 

For operating electric bells, any good type of open-circuit 
battery may be used. The Leclanchd cell is largely used for 
this purpose, also several tyx)es of dry cells. 


ANNUNOIATOR SYSTEM. 

The wdring diagram for a simple annunciator system Is 
shown in Fig. 1. The pushes I, 3, 5, etc. are located in the 
various rooms, one side being connected to the battery wire 
^ b, and the other to the leading 
6i wire I in communication with the 

j ! annunciator drop corresponding 

- - W- CO I to that room. A battery of 2 or 3 

-nTj Leclanche cells is placed at B in- 
j any convenient location. The size 
j j j of wire used throughout may be 
nil No. 18 annunciator wire. 

^ return-call system is illus- 
trated in Fig. 2, in which there is 
Fig. 1, battery wire b, one return wire 

r, and one leading wire I, 2^, etc. 
for each room. The upper portion of the annunciator board 
is provided wdth the usual drops, and below these are the 
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return-call pushes. These are double-contact buttons, held 
normally against the upper contact by a spring. Ylien 
in this position, the closing of the circuit by the push buiton 
in any room, such as No. 4, rings the office bell and releases 
No. 4 drop, the path of the current in this ease being from 

I I push 4 to 

P ~B back to the push button, 

iO ^ 30 On the return sigtuii being 

<5 made by pressing the 

button at the lower part of 

j n ^he ann unciator board, the 

. S y offiee-bell circuit is broken 

^ I V ■ V at d, and a new circuit 

r ^ formed through k as fol- 

^ ^ ^ r lows; From the battery B 

g-vi-r’-n-o-a-c-k-p to 
^ battery, the room bell 

[ P J ^ being in this circuit. A 

b Jj M general fire-alarm may be 

P[p[^ . added to this system, con- 

r ST'^'p sisting of an automatic 

■rEytYtr clockwork apparatus for 

» closing all the room-bell 

. ^ i f ^ circuits at once, or as many 

Pjq fy at a time as a battery can 

ring. When this system is 
installed, the battery wire should be either No. 14 or 
No. 16. Four or five Leclanch6 cells are usually required 
in this case. 

It will be seen that the connections are so arranged that 
the room bell will ring when the push in that room is pressed. 
If this be not desired, a double-contact push may be substi- 
tuted, so that the room-bell circuit is broken at the same 
time that the circuit is made through the annunciator. This 
double push should be so connected that the circuit is 
normally complete through the bell, the leading wire being 
connected to the tongue and the battery wire being con- 
nected to the second contact point, which is normally out of 
circuit 
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'^, UNBEEWRITERS’ RULES. 


EXTRACT FROM' THE REGULATIONS OF THE UNDER-*' 
WRITERS' ASSOCIATION. 

I incandescent Wires.— Gonductmg wires, carried over or 

attached to buildings, must be (a) at least 7 ft. above the 
; highest point of fiat roofs, and (6) 1 ft. above the ridge of 
pitch roofs; (c) ’when in proximity to other conductors likely 
to divert any portion of the current, they must be protected 
; by guard irons or wires, or a proper additional insulation, as 
■■ ■ ' thC' case may require. 

For entering buildings, (a) wires with an extra-heavy 
waterproof insulation must be used; (6) thej' must be pro- 
tected by drip loops; (c) also protected from abrasion by 
^ ,, awning frames; (d) be at least 6 in. apart; (<?) the holes' 

" 4 /'tiirougii which they pass in the outer walls of such buildings 
must be bushed with a non-iiiflainmable, waterf>roof, insu- 
lating tube, and (/) should slant upw\ard toward the inside. 

(a) Wires must never be left exposed to mechanical 
injury, or to disturbance of any kind. (6) Wires must not 
be fastened by metallic staples, (c) When wires pass through 
! walls, floors, partitions, timbers, etc., glass tubing, or so-called 

, flexor insulators,’' or other moisture-proof, non-inflammable 

insulating tubing must be used, (d) At all outlets to and 
from cut-outs, switches, fixtures, etc., wires must be separated 
from gas pipes or parts of the building by porcelain, glass, or 
other non-inflammable insulating tubing, (e) and should be 
left in such a way as not to be disturbed by the plasterers. 
(/) Wires of whatever insulation must not in any case be 
taped, or otherwise be fastened, to gas piping, (g) If no gas 
pipes are installed at the outlets, an approved substantial 
support must be provided for the fixtures. 

In crossing any metal pipes, or any other conductor, 

, (a) wires must be separated from the same by an airspace 

of at least in., where possible, and (6) so arranged that 
they cannot come in contact with each other by accident, 
(c) They should go over water pipes, where possible, so that 
moisture will not settle on the wires. 

In unfinished lofts, between floors and ceilings, in par- 
titions, and other concealed places, wires must (o) be kept 
free of contact %vith the building; (5) be supported on glass. 
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porcelain, or other non-combustible insulators; (<?) liaye at 
least 1 in. clear air space surrounding them; (d) he at least 
iO in. apart, when possible; and (c) should be run singly on 
separate timbers or studding. {/) Wlien thus run in per- 
fectly dry places, not liable to be exposed to moisture, a tfire 
having simply a non-combustible iiis\ilation may be iiseii 
Soft rubber tubing is not desirable as an insulator. 

Care must be taken that the wures are not placed above 
each other in such a manner that water could make a cross- 
connection. 

On all loops of incandescent circuits, .«;afoty catches must 
be used on both sides of the loop, and switches on such loops 
should be double-poled. 

Wires must not be fished (a) for any great distance, and 
(b) only in cases wdiere the inspector can satisfy himself that 
the above rules have been complied with, (c) Twin wires 
must never be employed in this class of concealed W'ork. 

Dynamo Machines.— Dynamo machines must be located in 
dry places, not exposed to flyings or easily conabii.stible 
material, and insulated upon ^vooden foundations. The 
j., machines must be provided with devices that shall be 

;ii capable of controlling any changes in the quantity of the 

I current; and if the governors are not automatic, a competent 

I ‘ person must be in attendance near the machine whenever it 

I is in operation. 

I Each machine must be used with complete wire circuits; 

and connections of wires with pipes, or the use of circuits in 
' any other method, are absolutely prohibited. 

' The whole sy.stem must be kept insulated, and tested everp 

i day with a magneto for ground connections in ample time 

! before lighting, to remedy faults of insulation, if they are 

! discovered; and proper testing apparatus must in each case 

I be provided. This applies to both central station and isolated 

‘ ,• plants. 

j Testing circuits for grounds wdth a battery and bell is not 

! considered a reliable test. 


Preference is given to switches constructed with a lapping 
connection, so that no electric arc can be formed at the switch 
when it is changed; otherwise the stands of switches, where 
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powerM currents are used', must be made of some incom- 
bustible substances that will withstand tbe heat of the are 
when the switch is changed. ... 

iotors.—Wires for motors should be run exactly as for 
lamps on similar circuits. 

On low-tension circuits, where motors are run in multiple, 
safety catches must be used on each side of the circuit. 

On high-tension circuits the same restrictions apply as for 
arc lamps, and suitable cut-outs must be provided. 

Motors must be treated as dynamos as regards insulation, 
■flyings, dam,pness, etc. 


Note.—- I f the regulations of the Underwriters’ Assocdation 
are not followed in wiring buildings, the wiring is liable to 
be eoiideniiieci by the Insurance inspectors and. the policy 
canceled. 


WSRE TABLES. 


'Weight of IlNnEiiwmiTEiis’ Line W^ire, Insulated. 


Feet per Pound. 



Equivalent Sectional Area op Wires, B. & S. Gau 


TfMO 82-13 !6i-10 


^ Q 8- 9 16-12 _B2-^ Gl-18 

1 -- ^ 4- 7 8-10 16-13 J32-16 

2 2- 5 ■ 4- 8 8-11 16-14 __32-17 

3 ' ^ 4- 9 8-12 16-15 32-18 ; 

4 2- 7 4-10 8-13 16-16 

3 2- 8 4-11 8-14 16-17 

3 2- 9 4-12 8-15 16-18 

7 2-10 4-13 8-16 


The above table indicates the number of smaller wires 
required to give a sectional area equal to one larger size wire, 
the figures between the horizontal lines corresponding to each 
other. For example: It requires two wires, No. 0, or 4 wires, 
No. 3, etc., to give a sectional area equal to 1 wire, No. 000*). 
Again: it requires two wires, No. 13, or 4 wires, No. 16; or 2 
wires, 1 No, 12 plus 1 No. 14, to give a sectional area equal 
to 1 No. 10. 




Gompaeativk Sizes of Wires, B. & S. and Birmingham 
Gaxjg^— {C ontinued). 


Diameter, Inches. 


Birmingham. 


ELECTKICITY. 


Note.— B, & S. gauge is generally used in America. 


Comparison of Properties of Aluminum and Copper. 



Aluminum. 

Copper. 

Conductivity (for equal sizes) 

.54 to .63 

1. 

Weight (for equal sizes) 

,33 

1. 

Weight (for equal length and re- 
sistance) 

.48 

1. 

Price (per pound) Aluminum, 29c.*, 
Copper, 16c. (bare wire) 

1.81 

1. 

Price (eqiial length and resistance, 
bare line wire) 

.868 

1. 

Temperature coefiOicient per de- 
gree F 

.002138 

.002155 

Kesistance of mil-foot (20° C.) 

18.73 

10,5 

Specific gravity ........ — 

2.5 to 2.68 

8,89 to 8.93 

Breaking strength (equal sizes) ....... 

1. 

' !,■ ■■■ 


.0650 
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WIEE '.rABLES, 


EES.rSTANCE OF PURE COPPER 'WIRE. 


liesistance at 75° F. 


Ohms per 
Pound. 


.00007653 

.00012169 

.00019438 

.00030734 


.00048920 

.000777.8^1 

.00123700 

.00196660 

.00312730 


.00497280 

.00790780 

.01257190 

.01998530 

.03170460 


.05054130 

.08036410 

.12778800 

.20318000 

.32307900 


,51373700 

.81683900 

1.29876400 

2.06531200 

3.28437400 


R. Ohms per 
1,000 Feet. 

Ohms per 
Mile. 

Feet per 
Ohm. 

.04904 
i .06184 

.07797 
.09.827 

.25891 

.32649 

.41168 

.51885 

20,392.90 

16,172.10 

12.825.40 

10.176.40 

.12398 

.15633 

.19714 

.24,858 

.31346 

.6.5460 
.82, >13 
1.04090 
1.31248 
1.65507 

8,066.00 

6,396.70 

5.072.50 

4,022.90 

3,190.20 

OOXOQ 



mOVOZh 

.49845 

.62849 

.79242 

.99948 

2.08706 

2.63184 

3.31843 

4.1S400 

5.27726 

2,529.90 

2,006.20 

1,591.10 

1,262.00 

1,000.50 

1.26020 

1.58900 

6.65357 

8 39001 

793.56 

on 

2.00370 

2.52660 

3.1S600 

0#0i7Uvi 

10.57980 

13.34050 

16.82230 

499.06 

395.79 

313.87 




4.01760 
5.06600 
6.38800 
. 8.05550 
10.15840 

21.21300 

26.74850 

33.72850 

42.53290 

53.63620 

248.90 

197.39 

156.54 

124.14 

98.44 
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COWINEGTIONS FOR DYMAMO-ELECTRiC MACHINES. 





DYNAMOS AND MOTOES. 


, xii uit uia^iams snowing the connections of dynamo* 
electric maeliines, the heavy coils represent the' series wind- 
ing on the held magnets through which the entire current oi 
-IIS machine passes; the lighter coils represent the shunt 
winding on the field magnets through which only part of 
the mam current passes. 

Lamps connected in series. O 1 


Lamps connected in mvXiiple- 
are or parallel . . 


Mdison Ume-wire system, 


dynamos and motors, 


MOTOR CIRCUITS, 

To find the size of wire on stationary motor circuits: 
Let e. m. = circular mils; 

e = E. M. F. of motor in volts; 

= loss of volts in line; 

d = distance from generator to motor in feet; 

L _ eiiiciency of motor- 


H^_Rofmotor X 746 X 2 d X lO.S 
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Under ordinary circumstances, lO^f) loss from generator to 
motor is a maximum on stationary motor circuits. 

Ex A]\iPLE. — What is the size of wire necessary for a elreult 
on which a 10 H. P. 500-Yolt motor is running, when the dis- 
tance between the motor and generator is 2,000 ft. and tlie 
loss is Sjfi ? 

SoLUTioN.—Volts at generator, = 520, nearly. 

Volts lost in line, 526 — 500 =-■ 26, 

In the table on page 253, the api)roximate efficiency of a 
10 H. P. motor is given as 85fJ. 

_ 10 X 746 X 4,000 X 10.8 _ 

= 500 X 26 X.S5'-““-^'^®“- 

In the table on page 238, the nearest size of wire corre- 
sponding to this area is No. 6 B. & S. gauge. 

The approximate -weight and resi.stance per mile of round 
bare wire when d is the diameter in mils, are, for copper wire, 

^ lb. and — ohms; for iron wire, ~~ lb. and 
62.0 d- 72 d- 

olims. 

Copper wire is approximately times the weight of an 
iron wire of the same diameter. 

In determining the size of wire to be used for inside worlk, 
after finding the c. m., always refer to the table on page 238, 
and see that the wire obtained by the formula is sufficiently 
large to carr3’' the current; if not, use larger wire, regardless 
of per-cent. loss. For pole-line construction, never use voire 
smaller than No, 8 £. & S. gauge. 


DYNAMO DESIGN. 

The fundamental principle of dynamo design is expressed 
by the formula „ ^ jr ^ 

in which ' 

E = electromotive force in volts given by the dynamo; 

N — number of lines of force used to magnetize the armature: 
C = number of conductors in a bipolar machine, measured 
all round the outside of the armature (whether in one 
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I or more laj’-ers), or in a multipolar machine, as measured 

irom a point opposite one north pole to a corresponding 
point opposite the next succeeding north pole; 

« ^ number of revolutions per minute of the armature. 

^ For exaiiiple, a 2-pole dynamo has 2,000,000 lines of force 
pjissing irom the north pole through the armature to the 
soiitii pole; there are 200 conductors on the surface of the 

I armature, and the spewed is 1,500 rev. per min. The electoo- 

motive force generated, will then be 
p _ 2,000,000 X 200 X 1,500 

iM;O00d)()OX6O =100 volts. 

^ 4-pole dynamo were used, having a 4-circuit armature 
ana 4 sets of bruslies, ivith 1,000,000 lines of force passing 
tiii’ougn any one pMe ].icce, then the total number wvjuld be 
because iho same lines of force pass into a soiitli 
emuigc a north pole. With the same anna- 
i the number of conductors to be counted is 

> only 100, as tfiken f]X)ni one north pole to the next, and the 

electromotive force is 

F = ' ( 100 X 1,500 

iuu,0eu,li0b X 60 

^ Fur determining Hio number of lines of force required 
111 a specific case, ilie above formula may be reversed, and we 

iV = 

0 n 

These lines of force have a cir- 
cuit to traverse composed of three 
different paths. One of these is 
through the field magnet and yoke 
if, Fig. 1; next, through a double 
;■ air gap G; and, lastly, through the 

, armature core .4. A given density 
! of lines of ibree may not be ex- 

ceeded, this limit lieing for ordi- 
I nary cast iron about 50,000 lines 
per square inch; lor wmuglit-iron 
; forgings or cast steel, about 90,000; 

I and for soft sheet iron, 110,000. 

The ratio of magnetization to magnetizing force is called 
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I 
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DYNAMO: DESIGN. 


the pemeaUlity, The permeability of air. is very low, the 
intensity of magnetization being ■ a ■ direct measure of the 
magnetizing force required; therefore, the air gap is usually 
made short. 

Ill order to drive the lines of force through the magnetic 
circuit, magnetizing coils are wound on the cores at J/, 1/. A 
certain number of ampere-turns will be required, depending 
on the density of the lines of force and the permeability of the 
different portions of the circuit. The number of turns may 1 fC 
found by taking a convenient current value, and dividing the 
ampere-turns by this. Reference to a wire table will then 
determine whether the resistance of the wire wull be such that 
the terminal E. M. F. of the machine 'will supply the proper 
current. A margin should be alloived for regulating, and for 
the increase in resistance due to rise in temperature, wdiich is 
about Afe for every degree centigrade, or .2225® for every degree 
Fahrenheit above 75° P. 

In the saturation curves of Fig. 2 are represented graphic- 
ally the different values of the induction (B) in lines of force 
per square inch, corresponding to the magnetizing force 
expressed in ampere-turns per inch of length of circuit. Th us, 
to send 70,000 lines of force through a cast-steel core 1 sq. in. in 
cross-sectional area, would require about 30 ampere-turns for 
every inch in length of core. The 30 ampere-turns might be 
obtained by using a coil of 30 turns carrying 1 ampere, or 300 
turns of ampere, etc. The number of lines of force N for 
any particular case being known, and also the allowable 
density B, which will vary somewhat with different samples 

N 

of iron, the cross-sectional area A = 

The ampere-turns to be added to the magnetizing coils to 
overcome the resistance of the air gap is 

3.192’ 

where if = number of lines of force per square inch; 
and I = length of air gap (the two sides added together) 
in inches, usually a fraction. 

It is necessary, in calculating the ampere-turns for the field 
circuit, to allow for leakage of lines of force through the 
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surrounding air, as the total number generated does not 
pass through the armature core. This leakage may ainoiiiit 
to 30^ or 40fe of the whole, but is much less in well-designed 
machines. 

For example, a bipolar dynam o has magnet cores having a 
mean length, with pole pieces, of 10 in. each; the yoke of the 
magnet is 13 in.; air gap, fs in. each side; armature core, 
10 in. The magnetic density in the core is 85,000; air gap, 
46,000; yoke, 65,000; armature core, 90,000 lines of force per 
square inch. If the fields are wrought-iron forgings, and the 
armature is built up of soft sheet iron, then the ampere-tiiriis 
necessary will be: 





A.-T. 

Ampere- 


Length. 

B 

per In. 

Turns. 

Magnet cores 

Yoke 

13 in. 

85.000 

65.000 

44. 

16 

880 

208 

Armature 

10 in. 

90,000 

40 

400 

Air gap 



46,000 


5,425 

j Total amperC' 

-turns 



.... 6,913 


In determining the size of “wire to be used in the armature 
winding, a certain density of current may be assumed as the 
limit. This is usually expressed in circular mils or thou- 
sandths of an inch per ampere. For most purposes of design, 
a density of 600 circular mils per ampere may be allowed. 
In estimating the current passing through the armatore. it 
must be remembered that the current of the outside circuit 
divides on reaching the armature, and passes through it 
along two paths in parallel with each other. 


FAULTS OF DYNAMOS. 

Reversal of Field.— Run the machine up to speed, and hold 
a small compass near each pole piece in succession. Their 
polarity should alternate all the way round. 

Failure to Build Up.— This is probably due to reversal of 
shunt connections. Rock the brushes around until any one 
set occupies a position formerly occupied by the next set. If 
this should remedy the trouble, and such position is incon- 
venient, move thein back and reverse connections of shunt 
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windings. If the failure of machine is due to want of 
residual magnetism, send a current from some external 
source through the fields. If it is due to a broken circuit, 
each coil may be tested separately with a battery and 
galvanometer or low-reading Weston voltmeter. Failure 
to generate may be due to the brushes being out of the neutral 
plane, which may be tested by moving them into different 
positions. 

Heating. —This maybe caused by a short-circuited armature 
coil. Allow the machine to cool, then run for a few minutes 
with no load, and stop. The defective coil will be found to 
be much hotter than the rest. It should be marked, and the 
armature taken out, when the coil may be rewound or 
otherwise repaired. If the heating is even, the load may he 
excessive and should be reduced. The effect may be due to 
eddy currents in the armature core, hut this is a question of 
design in the first instance. 

Sparking at Commutator.— If this be due to overload, the 
sparking cannot be cured except by reducing the load. The 
trouble may be due to imin-oper position of brushes. Move 
the rocker-arm to one side or the other to determine this. 
If copper brushes (tangential) are used, they may be 
unevenly spaced round the commutator; each set of brushes 
should have the same relative position with regard to the 
respective pole tips. Sparking may be caused by an uneven 
commutator, in which case it should be smoothed with 
sandpaper (never emery) or turned dowm in the lathe. 
A broken connection at the commutator leads wall produce 
flashing at each revolution, and one of the bars will show a 
burn extending nearly across it. The loose wire should be 
secured, or if broken, the commutator bars may be connected 
together with a piece of wire or a drop of solder as a 
temporary repair. As soon as possible a new coil should be 
put in. Sparking may also occur, in a multipolar machine, 
from the w’earing away of the hearings, w’hich x^roduces 
eccentricity of the armature with respect to field, and conse- 
quent unequal magnetic induction at different points. 
A slight sparking at the brushes of the machine is not 
detrimental. 
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of wood B, By tlieir pressure being regulated by the thumb- 
screws N,N, on the long bolts which hold them together. 
The lower block is extended to form an arm A of convenient 
length, and furnished with a sharp lagscrew C at the end. 
The lagscrew presses on the platform of a set of scales 8, 
whereby its pressure may be determined. A counterbalance 
at W neutralizes the w^eight of the arm. When the pulley is 
revolved in the direction shown, the pressure on the scale 
will indicate the torque, or twisting power, developed, which 


OUTPUT AND EFFICSENCY OF MOTORS. 


A dynamo, when supplied with current from an externa! 
source, becomes a motor, turning the electrical energy into 
mechanical energy. The ratio bet\vcen these two fpianr:- 
ties, that is, between the input and output, deterrnirics die 
efficiency of the motor. The input may be found ly inea cur- 
ing the current C wuth an ammeter, and the voltage £ ^uta 
a voltmeter, their product giving the power supplied in watts, 
ir = CE. This quantity, divided by 746, gives the elcctrieel 
W 

horsepower, or E. H. P. = (= 72 - 


The output is measured by means of a Prony brake fsee 
figure). The motor pulley P is clamped between two blocks 
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is expressed as tlie product of the pressure on the scale into 
the distance between the center of pulley and the point of 
the screw. If the length of arm E = 2 ft., and the pressure 
is 50 lb., the torque T ~ 100 ft.-lb. The horsepower may be 
deteriiixned by the following formula: 

H P = 

33,000 

in which S is the speed of motor in revolutions per minute. 


APPLJCAT!ONS OF ELECTRIC MOTORS. 


The same varieties of field and armature connections are 
used for motors as for dynamos, namely, series, shunt, and coni- 
po imd , and each type has distinguishing characteristics. The 
series motor is especially suitable for use in cases where a^'ery 
high starting torque is required in order to obtain rapid 
acceleration under load, as, for instance, in street-railway 
work. Torque may be defined as the reaction of the cun'ent 
in. the armature or moving part against the magnetic lines of 
force in the field magnets or stationary part. . Strength of 
field is obtained by the current circulating through the mag- 
net coils; consequently, the torque in a series motor will be a 
maximum when the current passing through is a maximum, 
as the same amount flows through armature and field. The 
opposition to the flow of current is the resistance of the cir- 
cuit and the counter E. M. F. of the armature. When the 
current is applied, its value is determinable by Ohm’s law 
for the first moment, supposing self-induction to beeliminated. 
The resistance of a series motor is usually so low that an 
additional resistance must be used at starting in order to 
prevent an excessive flow of current; but, as soon as the 
armature begins to revolve, the counter E. M. F. opposes and 
cuts down the current, and, consequently, the torque. The 
speed will continue to increase and the torque to decrease 
until the mechanical resistance to rotation balances the 
torque. If the motor is running light, the speed will rise 
continually, the counter E. M. F. will also increase and cut 
down the current, and the consequent reduction of field 
strength will require a still higher speed in order to develop 


202 


ELECTRICITY. 


jl:' ' the' necessary counter .E. M. E., the final result being, 

i probably, the bursting of the aimatiire. The speed of a 

series motor under a constant load maybe regulated by the 
I somewhat wasteful method of introducing a resistance in 

scries to reduce the speed, and by cutting out or shuutiiig 
of the field coils, to increase it. 'When two motors am 
used, they may be put in series at starting and conrieeto-i hi 
! parallel for higher speeds. The series motor is wadi udapred 

; for electric cranes, because it will automatically regulate its 

' speed to the weight to be raised, exerting a very powcrfitl 

15 torque at low speed for a. heavy l<-‘‘ud- 

; The shunt motor will give a nearly constant speed for utiy 

/ variation in load, as long as the potcntitil of eurrent sup]>ly 

j (the applied E. 31. E.) is constant. This condition produces 

|.; a constant field, as the shunt winding is directly across tlie 

I ' main leads, and the speed of the motor will then bo sach 

p that the difference between the E. 3L F. of supply and the 

counter E. 31. F., divided by the resistance of tlic armature, 
j will be equal to the current passing through the armaluro. 

j, 'A change in the current will then produce but a relatively 

i ' small change in the required counter E. 31. F. of tlie motor, 

and the speed will only vary to that extent. As the load is 
put on, the motor tends to slow down; but this, by decreasing 
I the counter E. 31. F., allows more current to flow, thereby 

producing more torque to overcome the added mechanical 
resistance. Change of speed may be produced by varying 
the strength of the magnetic field, the 'weaher the field the 
higher the speed. If the load is constant, the torque will be 
decreased, but, if the load be correspondingly increased, the 
torque will remain nearly constant. Considerable weakening 
of the field is inadvisable, as it will cause destructive spark- 
ing at the commutator. The theoretically perfect method of 
speed regulation for a shunt motor is to provide a constant 
and independent field, and effect change of speed by varying 
the applied E. 31. F. at the armature terminals without 
insertion of extra resistance. In this case the torque will 
always be proportional to the load, and the efficiency will be 
constant and independent of speed and torque. In the 
I i operation of such a system, certain complications are intro- 
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duced, inasmueli as it is necessary to install in connection 
with each motor a special dynamo with yariahle field, and 
this condition may therefore constitute a serious objection 
when the first cost of the plant is required to he low. 

A differential compound winding may be used when a 
more nearly constant speed is wanted. The series turns on 
the field magnets are so connected as to oppose the shunt 
turns, and when an increase of load tends to cut down 
the speed, the additional current through the series turns 
weakens the field slightly, so that the same speed as before 
is required to generate the lower counter E. M. E. 

Shunt motors are especially useful for machine tools, 
Vv'hich require a constant speed irrespective of load, and 
may also be used on printing presses and similar macliines 
where the load is more nearly uniform. a variation 

in speed witli load is immaterial, a cumulative compound 
winding may be employed, in which the series turns act 
wvitli the shunt, thereby increasing the torque at. starting,, 
and afibrding some of the characteristics of both the shunt 
and series windings. 


BATTERIES. 

The simple primary battery consists of two elements, the 
anode, •which is usually zinc, and the cathode, -which may be 
carbon, both immersed in an exciting liquid called the 
electrolyte. The chemical action incident to the generation 
of current dissolves the zinc and liberates free hydrogen at 
the cathode, which adheres to the surface and reduces the 
E. M, F. of the battery. To overcome this effect, called 
polarization, a depolarizer is used which will take up the 
hydrogen ^as it is formed. 

Depolarizers may be solid or liquid. When solid, the 
material is usually packed round the cathode, as in the 
case of the Leclanchd cell; when the depolarizer is liquid, it 
may be prevented from mixing -with the electrolyte by a 
porous partition, or, if their specific gravities differ consider- 
ably, they will remain separated one over the other in the 
jar. The following table gives the elements and depolarizers 
for different cells, with the E. M. F. in volts: 
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STORAGE BATTERIES. 

I Storage batteries or accumulators are composed of plates 

of jjrepared lead, placed side by side in glass cells or wooden 
, boxes lined with rubber or lead, alternate plates being con.' 
;; nected together, thus forming two sets, which constitute the 
i positive and negative elements. The plates are entirely sub- 
merged in dilute sulphuric acid, specihc gravity 1.17. The 
I charging E. M. F. is about 2.5 volts per cell, so that, if 10 cells 
; are connected in series, the required E. M. F. will be 25 volts. 
The discharging E. M. P. is usually taken as 1.9 volts, so that 
an installation to supply current at 115 volts should consist of 
115 

^ ^ — 61 cells, with a few added to replace any that are out 

; of order or to serve as regulators to vary the E. M. F. As soon 

j as the battery is set up and the electrolyte added, the charging 

I . should commence, the first charge being continued a long 
while at a comparatively slow rate. Observe that the direc- 
tion of current through the cell in charging is from the positive 
or brown plate to the negative or gray one. Discharging 
should be at a low rate, as rapid discharge leads to deteriora- 
tion of the ]>ositive plates. 

The rating of the capacity of accumulators is usually made 
on the basis of a discharge current that will cause the E. ISI. F. 
to fall to l.S voli s ill 10 hours, but it is well to stop discharging 
when the E. M. F. falls to 1.0 volts. 

Storage-Battery Reguiation.— In electric-lighting plants, an 
equalization of load on the dynamos is sometimes obtained 
by installing accumulators or storage batteries. Automatic 
or hand regulation may be employed, the usual method being 
^ to cut out one or more cells when the load is light and change 

the remainder, these cells being connected in again when 
■ - the load rises. The following method obviates the many 

i disadvantages of this system. 

I A shunt dynamo d, Fig. 1, supplies current to the lighting 

? mains m, n, this current passing through the fields c of a low- 
I voltage dynamo or hooder b, driven by a shunt motor and con- 

i nected across the mains in series with the battery B. The 

! E. M. F. of the dynamo d is a little greater than that of the 

; battery, so that it will charge the battery w’hen there is no 
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external load. When all the lights are, turned on, the booster 
field will be fully energized, and the E. M. F. of the booster 
. will be added to that of the bat- 

tery, thereby causing the battery 

— 1 to discha.rge a,iid assist the dy- 

■ i namo. At a medium load, the 

battery will be neutral, neither 

D taking current nor discharging, 

Pjq, while the dynamo is rimning 

at full load. Any increase that 
may be made in the load will then be taken up by the 
battery. 

In electric-railway plants the dynamos are usually over- 
compounded, thus giving a higher E. M. F. at the brushes 
at full load than at light load. In a case of this kind, a 
differential winding is employed, as shown in Fig. 2, which 


canses the booster to work both ways. On light loads 
a differential winding will assist the dynamos d' and d" to 
charge the battery, raising the E. M. F. to the required 
value; but on heavy loads the series winding^ c will over- 
power the shunt s, and the battery will discharge into the 
outer circuit. The shunt field must be regulated so that the 
total. charging and discharging that is done within a given 
time will balance each other, as the battery will otherwise 
tend either to overcharge or to undercharge. If the shunt 
field is strengthened, it will cause the batteries to charge, 
WMle if the field is weakened, it will cause the batteries to 
discharge at a lower value of the external load than 
•befbre. 



ELECTRIC GAS LIGHTING. 

The arrangement of the apparatus required for electric 
gas lighting is shown in the figure. A battery of about 6 


LecIancM cells e, c, etc., joined up in series, is connected to 
one tenninal of a spark coil k, the other terminal of which is 
soldered to a gas pipe p. The wire from the free end of the 
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ELECTRODEPOSITION. ■ 

For electrodeposition of metals, low-resistance primary bat- 
teries giving from 2 to 10 volts may be used when the work 
is on a small scale. Eor larger work, accumulators may be 
employed, or the current may be taken, directly from a low- 
voltage dynamo. The electroplating bath consists of a solu- 
tion that has little or no chemical action on the objects to be 
plated, and that are suspended in it and electrically connected 
to the negative pole of the battery. The anode is a plate of 
the metal that it is desired to transfer; it is also submerged in 
the solution and connected through a resistance, if necessary, 
to the positive pole of the battery. For deposition of copper, 
the bath is made by taking 4 parts saturated solution of sul- 
phate of copper mixed with 1 part of water containing one- 
tenth its volume of sulphuric acid. The current used must 
not exceed 18 amperes per square foot of surface of cathode. 
For nickel, use the double sulphate of nickel and ammonia, 
specific gravity 1.03; the current density must be low, and 
the solution should be neutral or slightly alkaline, as an acid 
bath mil cause the nickel to peel off. For silver, the bath is 
a solution of cyanide of silver dissolved in cyanide of potas- 
sium. For gold, use cyanide of gold dissolved in cyanide of 
potassium. This solution is kept at 150° F. while in use. 


270 


ELECTRICITY. 



"battery is carried up through the house, and oranchcs are 
run to the burners as at 5, wherever needed. The insiilatiua 
of this wire must be very thorough, special precautions "being 
taken when it is carried through or along tlie dxra res. The 
burners are provided with a chain a attached to a iaova,i.*le 
contact spring, which is drawn past the burner, producing a 
spark of sufficient intensity to ignite the gas if i{ is prevh uaiy 
turned on. 

In multiple gas lighting, a fine wire is run from one hurnt-r 
to another of a group, as on a chandelier, lead ing a small aJr 
gap at each one, and a current of very high teusion is uk-.i, 
generated by a small frictional machine, causing u spark at 
each burner. The last contact in a scries of burners is con- 
nected to the gas pipe. 


THE WHEATSTONE BRIDGE. 

A diagrammatic sketch of the "Wheatstone bridge is shown 
in Fig. 1. This instrument is widely u,se<l for the deterinina- 
tion of unknown resistances, and consists of such an arrange- 
ment of three circuits, IT, N, P, of variable resistance, that 

the value of a fourth 
may be found from 

h unknown re.sistance 
\ J connected between 

the points h and c, 
^ and the battery B be- 

J tween a and h. The 

Hl^i variable resistances 

p ^ - are then so adju.sted 

that thercsshall be no 
difference of potential between c and d, which form the termi- 
nals of the galvanometer G. The drop in potential from a to 
c will then be the same as from a to d, and ac bears the same 
proportion to a c5 as a d bears to a d 6. From this it follou's 

If p 

that ac: ad ~ c5:d 6, or the unknown resistance X = f-~. 


For a certain test, the ratio of the arms, 
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adjusting the resistance P, a balance is' obtained when it is 
equal to 7,800 ohms. , Then, 

10 X 7,800 , 

X == - — = 780 ohms. . 

A commercial form of bridge is shown in Fig. 2. The same 
letters of reference are used as in the preceding diagram. 
Two keys, JT and JP, are added, to be used in closing the 



circuits. Eesistances are put in by withdrawing the plugs. 
In the arm X there is a resistance of 10 ohms; in M, 1,000 
ohms; in P, 6,838 ohms. If the galvanometer G indicates a 
balance, the w^alue-of the unknowvn resistance 

X = 


10 


583,800 ohms. 


CABLE TESTING. 

. Test for Capacity.— A condenser of known capacity k is 
charged by a battery and discharged through a galvanometer, 
Xa'oducing a deflection di. The cable, hawdng an unknowvn 
i capacity k^, is charged and discharged in similar manner, 

I giving a deflection d*,- Then Lj — ki-^. The connections 

I""' Ul 

I for the test are shown in Fig. 1. A plug commutator p may 
be used to make connection with the Insulated line ware X or 

L 
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with one side of the condenser c, ]>y putting a ping in 1 o? 

,, On depressing the ko^/ 

p—v contact is made with one 

pole of the buttery /?, 

having alurat lOQ eelis; 

LX—*:- 1 on releasing the key, :lie 

discharge from the line 
_ or the Condenser |uis''es 

through the galvanoni- 
^ eter to the ground at oh 

Jp ■ ExkMPLE.—T ii e cle-^ 

ra flection through a eon- 

denser of 1.5 microfarads 
' ' (mfds.) was S2 diwsions, 

and through a cable, 154 divisions. Find the capacity of cable. 
SoiuisoN.—From the formula given, 

^’2 === 1.5 X ^ = 2.8 microfarads. 

Voltmeter Method of Testing Insulation.— An ordinary’ ^Teston 
voltmeter with a range of 150 volts has a resistance of about 

19.000 ohms. If, then, this instrument is connected across a 
110-volt circuit, it will indicate the resistance of the circuit, 
that is, of itself, since the resistance of the armature and 
leads is very low. If v is the voltage across the mains, r the 
resistance of the voltmeter, and x the voltmeter reading, 

then the resistance to be determined, M == — . When the 
voltmeter is put across the mains, v = 110, r == 19,000, and 
X = 110. The only resistance in the circuit is the voltmeter 

itself, for E = - ^ ~ 19,000 ohms. If we now put in 

series with the voltmeter a high resistance, thereH' reducing 
the reading to 2 divisions, the total resistance J2 = 

== 1,045,000 ohms. From this we must subtract the voltmeter 
resistance in order to find the added resistance, which is 

1.045.000 — 19,000 = 1,026,000 ohms. A deflection of one 
division gives 2,071,000 ohms. To obtain higher readings, a 
special high-resistance voltmeter should be used. The con- 
nections are made as shown in Fig. 2, w’here F is the 
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Toltmeter, F the feeder, and i> the source of current, 
iiisuiatioii resist- 
ance of a feeder, 
tile corrected for- /' ^ 

mula. heeomes I 


When a voltmeter is used Inaving a resistance of 1 megohm 
(i, 000,000 ohms), then a deflection of 1 division, when con- 
nected up as shown, would give an insulation resistance 

I = 1,000,000 = 109 megohms. 

loss-of-Charge Method of Cable Testing.— The core of the 
cable must first be put to earth a suflicieiit length of time 
to be thoroughly clear from any charge due to previous elec- 
trification; then the far end is freed, and connections are 

made as shown in Pig. 3. 

.. On depressing the key k% 

^ ^ the cable is put to earth 
*' 1 through the condenser c, 

\t(,f which should be of very small 

[ capacity, say one-fiftieth of a 

microfarad. Both the cable L 
and the condenser c are then 

J charged from the battery B by 

depressing the key k\ and on 
releasing Jc, the condenser is 
discharged through the bal- 
listic galvanometer g, a mo- 
^ g ment being chosen w'hen the 

galvanometer is at 2 :ero, show- 
ing that the charge is steady. The deflection produced (di) 
represents the full charge hold by the cable. The key k is 
then again depressed, and cable and condenser are charged 
for, say, half a minute, after which the battery is discon- 
nected at k\ and leakage of the charge is allow'ed to take 
place for perhaps 5 minutes. Selecting a moment wdien the 
charge is steady, indicating an even distribution, the key k 
is raised, and the condenser discharged through the 



galva, nometer. The deflection (da) obtained will be le^’S than 
the first one, owing to the leakage of charge duriag the 
5 mimites, and will therefore be a measure of the conducliiig 
pow'er of the cable covering, or its insulation resist afiec., 
The ratio of these two deflections. di and cl,, will ordinarily 
be sufficient to indicate the condition of the cable witliout 
further calculation; the exact insulation resistance may be 
found by the following formula, 

2C.0fi« 


where I = insulation resistance of the cable in megohms; 

t = time in minutes during which the charge is 
allow’ed to leak; 

= capacity of the cable in microfarads; 
di = initial discharge deflection; 
do = final deflection after t minutes. 

Example— In a loss-of-charge insulation test, the initial 
deflection was 238 divisions, and the deflection after 5 min- 
utes’ leakage w\as 137 divisions. The capacity of the cable 
being 1.8 microfarads, what w’as the insulation resistance? 

Solution.— J 3Q1.8 megohms. 


The battery used in this test may be about 100 chloride-of- 
silver cells, or the same number of Leelanch^ cells. In the 
latter case it will be better to make the electrolyte of only 
about one-fifth the usual strength, to prevent creeping of the 
salts, as only very small currents are required for these tests. 
The battery must be very thoroughly insulated. 

Location Faults. 

^ * ^ ^ — -1 A fault in a cable 

! usually develops 
slowly, and there is 
considerable r esist- 


Fig. 4. 

ance at that point; 
therefore, in determining the location of the fault, its resist- 
ance must be taken into account. Let A JB, Fig. 4, be the 
cable, and let a fault F connect to the ground at G through 
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a resistance B. When the end B of the cable is insulated, the 
resistance is measui’ed at the station A, and is equal to the 
resistance of that portion of the cable between the station 
and the tault plus the resistance of the fault, that is, ic + i£. 
B is then grounded at and the resistance is 


Let 

Let 

Let 

Then, 



- rOCr" - 


-r'). 

It L ~ length of cable in feet, the distance from A to the 

.fault is 

Lx 

Examfi,e.— The resistance of a cable in good condition is 
3 ohms. A fault develops, and, on testing, the resistance 
through it is 160 ohms, the far end of the cable being insu- 
lated. When the far end is gi’ounded, the resistance is 
2.95 ohms. What is the distance to the fault, the length of 
cable being 5,180 ft.? 

Solution.— t = 160, r' = 2.95, r" = 3. 

Then, a; = 2.95 - 1/157.05 X .05 = .15 ohm. 

y ,= 3 — 2.95 + l/ 157.05 X .05 = 2.85 ohms. 

The distance to the fault = = 259 ft. 
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COMPASS SURVEYING. 

The magnetic hearing of a line is the angle that the hue - 
makes with the magnetic needle. The length of a .h;e, 
together with its hearing, is termed a course. To hiKO sae 
bearing of a line, set the compass directly over a point in it, 
at one extremity, if possible. This may he done by means of 
a plumh"hob suspended from the compass. 

Bring the compass to a perfectly level position. Let a £ag- 
man hold a rod carefully plumbed at another point of tlie 
line preferably the other extremity, if he can be distinctly 
seen Direct the sights upon this rod and as near the bottom 
of it as possible. Always keep the same end of the compass 
ahead— the north end is preferable, as it is readily distin- 
guished by some conspicuous mark, usually sl fleur-de-lis-— and 
always read the same end of the needle, that is, the north 
end of the needle if the north point of the compass is ahead, 
and vice versa. Before reading the angle, see that the eye is 
in the direct line of the needle, so as to avoid the error tbat 
would otherwise result from parallax, or apparent change of 
the position of the needle, due to looking at it obliquely. 

The angle is read and recorded by noting, first, whether 
the N or S point of the compass is nearest the end of the 
needle being read; seemd, the number of degrees to w^Meh it 
points; and third, the letter E or W nearest the end of the 
needle being read. 

Let A JB in Fig. 1 bo the direction of the magnetic needle, 

B being at the north end. Let the sights of th^- compass be 
directed along the line CD. The north point of the compass - 
will be seen to he nearest the north end of the needle w^hich 
is to he read. The needle, which has remained stationary 
while the sights were being turned to C D, now points to 40° 
between the N and E points, and the angle is read north forty- 
five degr^ east (N 45° E). 

A sure test of the accuracy of a bearing is to set up the 
compass at the other end of the line, i. e., the end first sighted 





*) ':.y/ "i 


to, and sight to a rod set up at the starting point. This proc- 
ess is called hathsighting. If the second js. a 

bearing is the same as the first, the reading / 

is correct. If it is not the same, it shows 
that there is some disturbing influence at 
either one or the other end of the line. To R M 

determine which of these two bearings is the 
true one, the compass must be set up at 
one or more intermediate points, when J 
two or more similar hearings will -prove Fig. 1. 
the .true one. 

The magnetic meridian is the direction of the magnetic 
needle. The true meridian is a true north 

t 'Butws and south line, which, if produced, -would 
I A pass through the i>oles of the earth. The 
yJM declination of the needle is the angle that 

jrt the magnetic meridian and the true 

/ meridian make -with each other. 

Example of the Use of the Compass in Rail- 
road Work.— Suppose CAD in P'’ig. 2 to be 
railroad in operation, and that it has 
3lr t-ieen decided to run a compass line from 

Q*7+ffo point h along the valley of the stream 

X to the point D. The hearing of the 
tangent A D cannot be determined by set- 
tingupthecompassatjl on account of the 
attraction of the rails. The direction oi 
\ ^ this tangent, however, can be obtained by 

^ setting up at A and sighting to a fiag held 

\ j ^ at D. The point ..-1, which is the starting 
point of the line to be run, is marked 0. 
I % Producing the line A D 440 ft., tne point E 

(T is reached, -which has 

^ selupord been previously de- 

cided on as a proper 
/ yv'Vy place for changing the 

^ direction of the line. 

^IG.2. The compass having 

been set up at E, the bearing of the line AE, -which is the 
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line A D produced, is found by sighting to A, or, what is still 
better, to the point Z>, if that point can be seen. The nnmber 
of Sta. (Station) E, namely, 4 + 40, and the hearing of .ri E are 
then recorded by the compassman. By this time the chief of 
party has located the point F, and the flag is in place for 
sighting. The axmen, if there is work for them to do, arc 
now put in line by the head chainraan; the axmen clear 
only so much as would interfere with rapid chaining. The 
bearing of the line JSiS" having been recorded, the compass is 
moved quickly to F, replacing the target left by the fia.grnan, 
leveled up, and directed toward the point G, which is already 
located. The chainmen reaching F, its number 11+20 is 
recorded by the compassman and the instrument sighted to G 
and the work continued as before. 


FORM FOR KEEPING NOTES. 

A plain and convenient form for keeping compass notes is 
the form given on page 279, which is a record of the survey 
platted in Fig. 2. The first column of the table contains the 
station numbers, the notation running from the bottom to the 
top of the page. By means of this arrangement, the lengths 
of the courses are found by subtracting the number of the 
station of one compass point from the number of the station 
of the next succeeding compass point. Before work has 
commenced on the plat, the subtractions are made and the 
lengths of the courses are written in red ink between the 
station numbers. 

The second column contains the bearings of the lines. 
The bearing recorded opposite to a station is the bearing at 
the course between the given station and the one ne£fc above. 
Thus, the bearing recorded opposite Sta. 0 is 75° 00' W, and is 
the bearing of the line extending from Sta. 0 to Sta. 4 + 40 
next above. The length of the course is the difference 
between 0 and 4 + 40 equal to 440 ft. The bearing recorded 
opposite to 4 + 40 is N 25° 00' W. It is the bearing of the line 
extending from Sta. 4 + 40 to Sta. 11 + 20 next above. Its 
length is found by subtracting 4 + 40 from 11 + 20 equal to 
680 ft., and so on. 
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In the third column, under the head of remarks, are 
recorded notes of reference, topography, and any informa- 
tion that may aid in platting or subsequent location. 


Station. 

Bearing. 

Remarks. 







: 47 -f- 75 : 


End of line. 


N25°40'E 


27 .-1-50 

N14°10'E 


20 -f- 85 

N 2°30'W 

Woodland. 

lH-20 

N15°10'W 


4 + 40 

N25°00' W 


0 

N75°00' W 

Sta. 0 is at P. C. of 14° curve to 



left at Bellford Sta. 0. & P. R. R. 


TRANSIT SURVEYING. 

the Vernier.— A wrnier is a contrivance for measuring 
smaller portions of space than those into which a line is 
actually divided. The divided circle of the transit is gradu- 
ated to half degrees, or 30'. The graduations on the verniers 
run in hoth directions from its zero mark, making two dis- 
tinct verniers, one for reading angles turned to the right and 
the other for reading 

those turned to the left. — — — 

In reading the vernier, rrLLuLjfl^ i f ^ 
the observer should ^ 

first note in which ^ m ' 

direction the gradu- Rig. 1. 

ations of the divided 

circle run. In Fig. 1 the graduations increase from left to 
right and extend from 57° to 91°. Next, he should note the 
point where the zero mark of the vernier comes on the 
divided circle. In Fig. 1 the zero mark comes between 74° 
and 74i-°. Now, as the circle graduations read from left to 
right, we read the right-hand vernier and find that the 23d 
graduation on the vernier coincides with a graduation on the 



The line can be prolonged in two ways: by means of 
foresight or by means oihacizsight. 

1, By foresight, set up the transit at A and sight to Bi 
measure 400 ft, from B in the opposite directi(^n from A. 
Then, by means of signals, move the flag to the right or left 
until the vertical cross-hair shall exactly bisect the flag held 
at a. Then, the line B (7 will be the prolongation of the 
line 

2. By backsight, set the transit at B and sight to A. 
Reverse the telescope, and having measured 400 ft. from B in 
the opposite direction from .4, set the flag at 0; then will the 
line B Che the line A B produced. 
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divided circle and the vernier reads 23', which we add to 74®, 
marking a reading of 74° 23', an angle to the ieft. In Pig. 2 the 
graduations on the circle 
increase from right to 
left, and we accordingly 
read the left-hand ver- 
nier. The zero mark of 
the vernier comes be- 
tween 67^° and 68°. 

Reading the vernier, we 
And that the 13th graduation on the vernier coincides 
with a graduation on the circle and the vernier reads 13'. 
Accordingly, we add to 67p, the reading == 13', making a 
total reading of 67° 43', an angle to the right 

Setting Up the Instrument.— In setting up a transit, three 
preliminary conditions should be met as nearly as possible: 

1. The tripod feet should be firmly planted. 

2. The plate on which the leveling screws rest should be 
level. 

3. The plumb-bob should be directly over tbe given point. 

When these three conditions are met, the completion of 

the operation is quickly performed with the leveling screws. 

How to Prolong a Straight Line.— Let A R, in Fig. 3, he a 
straight line winch it is required to prolong or “produce.'* 


A— 


Fig. 3. 




% 
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Horizontai Angles and Their Measurement.— A horizontal angle 
2 s one the boundary lines of which lie in the same horizontal 
plane. Let A, A, and (7, in Fig. 4, be three points, and let it 
be required to find the horizontal angle fomied by the lines 
AB and joining these ^ ^ c? 

points. Set up the instrument 
precisely over the point A, and / 

carefully level it. Set the ver- / 

nier at zero, and place flags at ^ ^ 

B and C. Sight to the flag at 

and set the lower clamp. Then, by means of the lower 
tangent screw, cause the vertical cross-hair to exactly bisect 
the flag at J5. Loosen the upper clamp. With a hand on 
^ either standard, turn the telescope in the same 

'Qi- direction as that of the hands of a watch until 

'pJs • ^ covered or nearly covered by 

vertical cross-hair. Clamp the upper 
% / plate, and with the upper tangent screw bring 
the line of sight exactly on the fl^ag at C. The 
^ are of the graduated circle traversed by the 
' 5 . point of the vernier will be the measure 

h of the angle B A (7, as 143° 30'. The points J , 
"g J B, and Care not necessarily in the same hori- 
/ ^ zontal plane, but the level plate of the instra- 

ment projects them into the horizontal plane 
S in which it revolves. 

A Deflected Li ne.— A deflected line, or “ angle 
line,” is a consecutive series of lines and 
^ angles. The direction of each line is referred 

\ to the line immediately preceding it, the latter 

| : being, in imagination, produced, and the 
\ I ^ angle measured between it and the next line 
n 5 * actually run. The angles are recorded or 
A I according as they are turned to the right 
or left of the prolongation of the immediately 
preceding line. An example of a deflected, 

■*“j line is shown in Fig. 5; it starts from the head 

bloch of switch at Benton Station, O. & P. R. E. 
Set up the transit at A with vernier at zero. Sight to a flag 
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lield at F on the center line of the track, 0. & P. E. 
Loosen the vernier clamp, the point B being determiiied, anci 
turn the telescope until the point B is distinctly seenj clanip 
the vernier, and accurately sight to flag held at B; the angle 
reads 82° SCK and is recorded W 32° 30', with a sketch showing 
the connection. The bearing of the line A B cannot be talien 
at A. on account of the attraction of the rails. The point A iS 
in the head block of the switch (which is designated by the 
abbreviation II. B.) at Benton Station, O. & P. R. R. The 
instrument is now moved to B, the vernier set at zero and 
backsighted to A; the bearing of A B, viz., N 75*^ 00' E, is 
taken, and the number of station B, viz., 2 + 90, together 
with the hearing of ^ R recorded. The telescope is then 
reversed, pointing in the direction BB'. The point C being 
determined, the upper clamp is loosened and the telescope 
turned to the right and sighted to (7. The reading is found 
to be 14P 30' and recorded R'^^ 14° 30'. It measures the angle 
B^ BC. The hearing N S9O20'E is then recorded. The 
instrument is next set up at C, the vernier set at zero, back- 
sighted to B, and then reversed; the deflection to D, viz., 
R"^ 10° 00' read and recorded, together with the number of the 
station at C, viz., 6 + 85. This deflection measures the angle 
C'CB and gives the direction of the line CD. A good form 
of notes for such a survey is the following; 


13-m 


10*31 


OiSiS S. 80'‘30^s. 


»*30 \jP24°3i/\jL80^SO*X. 




St<t.O%ai Mnim Sia. 


Checking Angles by the Needle.— -In spite of the greatest care, 
errors in the reading and recording of angles will occur- 
The best check to such errors is the magnetic needle. 

In Fig. 6, we have an example of the use of the needle in 
checking angles. The bearing of the line AB, which corre- 
sponds to A R in Fig. 5, is N 75° Giy E, and is assumed to be 
corraei The bearing of the line R C, as read from the needle. 
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is N 89® 20' E. Its deduced bearing is obtained as follows: To 

the bearing of the line A JB, viz., N 75° 00' E, we add the E"® 

deflection 14° 30'; the snm is 89° 30', which is recorded in the 

column headed Bed. Bearing. The deduced bearing, it will 

he seen, is 10 minutes 

greater than the mag- 

netic bearing read from |j 

the needle. Had the f 

deflection angle been 

recorded instead of - 

E'h the deduced bear- f / 

ing would have been I / 

the difference between I 

75° 00' and 14° 30', which L— 

is 60° 30', and would be j’ig. g. 

recorded N 60° 30' E. 

The magnetic hearing being N 89°20' E, would have at once 
revealed the error. The confusion of the directions R'*' and 
L^’ is the commonest source of error in recording deflections, 
though sometimes a mistake of 10 degrees is made in reading 
the vernier. Both angle and bearing should be read after 
they are recorded, and compared with the recorded readings. 


TBIANGULATION. 

Triangulation is an application of the principles of trigo- 
nometry to the calculation of inaccessible lines and angles. 

A common occasion for its use is 
r illustrated in Fig. 1, where the line 
of survey crosses a stream too wide 
and deep for actual measurement. 
Set two points A and B on line, 
one on each side of the stream. 
Estimate roughly the distance A B. 
Suppose the estimate is 425 ft. Set 
another point C, making the dis- 
tance A C equal to the estimated 
Set the transit at A and measure the 
say, 79° W, Next set up at the point C and 
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measure tlie angle A€B = say, 56^ 20'. The angle ABC is 
then determined by subtracting the sum of the angles A and 
Cfroml80°; thus, 79° 00' -h 56<= 20' = 135°20'; 180 ° GT - 135° 20' 
= 44° 40' == the angle ABC. We now have si! x* 
angles of a triangle given, to find the other i wo .Idts J r' .i:-.'.’ 
CB. In trigonometry, it is demonstrated that, ho : tc x'-v 
the sines ofiJie angles are proportional to the lengths^ eg ihr .■•.‘-'/o-: 
opposite to them. In other words, sin A : sin B ^ BC : .1 (. : or, 
sin A : sin B C: A B, and sin B : sin C7 = .4 <7: A B. ^ 
Hence, we have sin 44° 40' : sin 56° 20' = 425 : side A B] 
sin 56° 20' = .83228; 

.83228 X 425 = 353.719; 
sin 44° 40' = ,70298; 

353.719-^.70298 = 503.17 ft. = side 4 .B. 
Adding this distance to 76 + 15, the station of the point 4, 
we have 81 4 18.17, the station at B. 

Another case is the following; Two tangents, 4 B and C X 
(see Fig. 2), -wliicli are to be united by a curve, meet at £om< 
toaeoeSble point E. Tangents are the straight portions of i 



Again, we find B Ehj the follo'^ving proportion: 
sin 136° 50' : sin 21® 25' « 304.2 : side B E; 
sin 21° 25' = .36515;' 

.36515 X 304.2 — 111.07863; 
sin 13(1° 50' ~ .68412; 

side BE — 111.07863 -v- .68412 = 162.36 ft. 

A building H, Fig. 3, lies directly in the path of the line 
A B, %vhich must be produced beyond H. Set a plug at B, 
and then turn an angle JDBC 
= 60°. Set a plug at C in the 
line B CySit a suitable distance 
from B, say, 150 ft. Set up at C, 
and turn an angle BCD = 60°, 
and set a plug at D, 150 ft. from 
C. The point D will be in the 
prolongation of A B. Then, set Fig. 3. 

up at Dy and baeksighting to 

C, turn the angle C D D' — 120°. D D' will be the line 
required, and the distance B D 
^ will be 150 ft., since BCD is 

an equilateral triangle. 

xl B and CDy Fig. 4, are tan. 
gents intersecting at some in 
accessible point H. The line 
N. A B crosses a dock O P, too 

d wide for direct measurement, 

\ and the wharf iJf. P is a 

\ point on the line AB at the 

wharf crossing. It is required 
\ distan.ce BH and 

jo / the angle FHG. At P, an 

''’^'1 — angle of 103° 30' is turned to the 

B point E set 217' 

from P = to the estimated dis- 
tance BF, Setting up at P, 
the angle BEFis found to 

Fig 4 be 39° 00'. 

Whence, we find the 

P F-E = 180°'— (103° 30' -f- 39°) = 37° 30'. ■ 
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From trigonometry, we lia%^e 

, 370 30/ ; gin SQo 00-' == 217 ft. : side B F; 

sin 39^ 00' == .62932; 

.62932 X 217 == 186.56244; 
sin 370 30' = .60876; 

side BF== 136.56244 .60876 = 224.33 ft. 

Whence, we find station F to be 20 + 17 4- 224.33 = 22 
4-41.33. Set up at F and turn an angle HFG' ~ 71^^00' and 
set up at a point G where the line Cl) prolonged interseets 
FG. Measure the angle FQll = 57'^ 50', and the .side FG 
= 180.3. The angle FHG - 180° - (7P + 57° 50') - 5P 10'. 
From trigonometry we have 

sin 51° 10' : sin 57° 50' = 180.3 : side FIT. 

Sin 57° 50' = .84650; .84650 X 180.3 = 152.62395; sin 51° W 
= .77897; side = 152.62395 . 77897 == 195.93 ft. ; whence 
we find station if to he 24 4- 37.26. 


CURVES. 

Two lines forming an angle of 1° with each other -will, at 
a distance of 100 ft. from the angular point, diverge by 1.745 ft. 

The degree 0 / a curve is deter- ^ 
mined by that central angle 
which is subtended by a chord 
of 100 ft. Thus, if BOG 
(Fig. 1) is 10° and B 0 is 100 ft., 
BGE K G is a 10° curve. 

The deflection angle of a 
curve is the angle formed at 
any point of the curve between 
a tangent and a chcp^ of 100 ft. 
The deflection angle is there- 
fore half the degree of the curve. 
Thus, if the chord B.G is 100 ft., 
the angle ERG is the defiec- 
tion angle of curve RGiT EG, 
and is half the angle B 0 G. 
ExAMPLE.—Given, the deflection angle EBG ~ D (Fig. 1), 
to find the radius B O — M. 



Fig. 1. 
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- Solution!— -Draw 0 Ii perpendicular to JB In the right-^ 
angled triangle M OL, we liave sin Oil = but BO L 

=» 0 «,i), since OL, being perpendicular to the chord 

! B G, bisects the are BLQ. But the angle D=lBOG', hence, 

I angle BO*L^ I) . BZ = 50 ft, and the radius BO — B. 

I Substituting these yalues in the given equation, we have 

i <sn 

I' .sin D =* -fr] whence, BsinD = 50, and R = 

1 R sin J) 

I For curves of from 1° to 10°, the radius may be found by 

dividing 5,730 ft. (the radius of a 1° curve) by the degree of 
the curve. The results obtained are sufficiently accurate for 
all practical purposes. Eor sharp curves, i. e., for those 

50 

i' exceeding 10°, the above formula, viz., R = — =r, should be 
’ ' smi>’ 

[ used, especially if the radius is to be used as a basis for 
1 further calculation. 

I Tangent Distances.— ’i^Tien an intersection of tangents has 

( been made and the intersection angle measured, the next 
question is the degree of curve that is to unite them,, which 
being decided, the next step in order is the location of the 
I points on the tangents where the curve begins and ends. 
i| These two points are equally distant from the point of 

I intersection of the tangents, which is called the P. I. The 

I point where the curve begins is called the point of curve, or 

'I the P. C., the point where the curve terminates is called the 

' point of tangent, or the P. T. The distance of the P. C. and 
f P. T. from the P. I. is called the tangent distance. 

In Fig. 1, let A B and CD be tangents intersecting at the j 

; point E and forming an angle CEF— 40° OO' with each J 

\ other. Iteis decided to unite these tangents by a 10° curve, | 

j - whose radius is 573.7 ft. Call the angle of intersection I, the | 

f radius B 0, E, and the tangent distance B E, T. From geom- i| 

• etry we know that BO (7 = CEF, hence the angle BOE [ 

; = }sOEF. From the right triangle EBO, we have tan j 

! 

: Substituting the above equivalents, we have tan 

: or T = Jg tan iJ; R = 573.7j ^ J =» 20°; tan 20° = .36397; 

■I is , 
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573.T X .36897 = 208.81 ft. ^ Measure back from the point jgoQ " 
both tangents the distance 208.81 ft. to the noinrs B and G 
Drive plug flush, with the ground at both point •; and set 
accurate center points, marked by tacks, in both. Directly 
opposite each of these plugs drive a stake, called a guard 
stake because it guards or rather indicates where the plug is. 
The stake at B, if the numbering of the sttitions runs from 
B toward G, wdll’ be marked P. C„ and the stake at C will be 
marked P. T. 

To Lay Out a Curve With a Transit.—Having set the tangent 
points B and G, Fig. 1, set up the transit at j?, the P. C. Set 
the vernier at zero and sight to E, the intersection point. 
Suppose B to be an even or “ full station/' say 18, and that it 
has been decided to set stakes at each hundred feet. Let the 
central angle BOG, measured by the 100-ft. chord B G, be 
10®; then, the deflection angle EBG, whose vertex B is in 
the circumference and subtended by the same chord B G, 
wdll be i? G G, or 5®. Turn an angle of 5® from B, which in 
this ease will be to the right, measure a full chain 100 ft. 
from B and line in the flag at G; drive a stake at G, which 
will be marked 19. Turn off an additional 5° malting 10® 
from zero, and at the end of another chain from G, at II, set 
at a stake marked 20. Continue turning deflections of 5® 
until 20° or one-half of the intersection angle is reached. 
This last deflection, if the work has been correctly done, will 
bring the head chainman to the point of tangent C. It is but 
rarely that the P. C. comes at a full station. When the P. C, 
comes between full stations it is called a substation, and the 
chord between it and the next full station is called a sub- 
chord. Had the P. C. come at a substation, say 17 32, the 

deflection for the subchord of 100 — 32, or 68 ft., ttee distance 
to the next station, is found as follows: The deflection for a 
full station, i, e., 100 ft., is 5® = 300', and the deflection for 1 ft. 

300' 

is = 3', and for 68 ft. the deflection will be 68 X 3 == 204' 

= 3® 24', which is turned off from zero and a stake set on line, 
68 ft. from the transit, at station 18. The length of a curve 
uniting two given tangents whose intersection is determined, 
is found as follows; 





Suppose J «= 32° 40' and that the tangents are to be united 
by a 0° curye. 32° 40' reduced to the decimal form is 32.667°; 
as each central angle of 6° will subtend a 100-ffc. chord or one 
chain, there will be as many such chords or chains as the 
number of times 6 is contained in 32.667, which is 5.444, that 
is, there wip be 5.444 chains in the curve, or 544.4 ft., 'which is 
the required length of the curve. The P. C. and P. T. having 
been set and the station of the P. C. deteriQined by actual 
measurement, say 58 + 71, the station number of the P. T. is 
found by adding to 58 + 71, the station number of the P. C., 
the calculated length of the curve by. 4 ft. 58 4- 71 + bi4.4 = 
64, + 15.4, the station of the P. T. 

Tangent and Chord Deflections. — Let y Pin Fig. 2 be a tan- 
gent, and B CEII a, curve commencing at B. Produce the 
tangent A B to the point P. The line CJD is a tangent dejicc- 
iion, and is the perpendicular distance from the tangent to 
the curve. If the chord 
B 0 is produced to the 
point P, making CG = 

BC= CE, the distance 

P is a chord defiection 
'and is double the tan- 
gent deflection P C7. 

Given, the radius 
P 0 = P, Pig. 2, to find 
the chord deflection 
EG and the tangent 
deflection CD = FE. 

The triangles 0 CP and CEG are similar, since both are 
isosceles, and the angle G CE ~ angle C 0 E. Hence, we have 
0 C ; CP CP : P G. Denoting the chord CP by c and the 
chord de&ction P G by d, we have, from the above yjropor- 

tion, Ji:c = c:d. Therefore , d = To find the tangent 

deflection, draw CP to the middle point of PC'. Then FE 
is equal to the tangent deflection, or P C. Hence, the tan- 
gent deflection is equal to one-half the chora deflection, or 

the tangent deflection = 
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If the P. C. does not fall at a full station'H'and this is -- 
usually the case), compute the chord defection by substilatiiig 
for c in the formula for chord deflection i c (c -j- c'). Where 
& is the length of the chord from the P. C. to the full station; 
or if the tangent deflection / for a chord of lOO feet has been 
previously found, the chord deflection fox the seot^nd station 

beyond the P. C. is do =/ (l + . 

Laying Out Curves Without a Transit.— During construction, 
the engineer is often called upon to restore center stakes on 
a curve when the transit is not at hand. This can be accom- 
plished reasonably well with a tape, as follows: 

In Fig. 3, .4 P is a tangent and B, at Sta. 8 + 25, is the P. C. 
of a 4° curve; a stake is required at •each full station. The 
stakes at A and B are restored, determining the P. C. and the 
direction of the tangent. For a 4® curve the regular chord 
deflection for 100 feet is 6.98 ft., 

^ ^ c ^ tangent deflection is 

g gg ^ 2 = 3.49 ft. 

I r. distance from the P. C. 

I /^\ station C is 75 ft; 

j / hence, the tangent deflection 

C P = 752 -- (2 X 5^730 -j. 4 ) === 

1 96 ft. The point F is found 
by first ineasurin| 75 feet from P, thus locating the point G, in 
the line with A P, then from 0 measuring C F = 1.96 feet, 
at right angles to P P; the point P thus determined will be 
Station 9. Next, the chord P P is prolonged 100 feet to P; as 
P P is only 75 feet, P G = d, = 3.49 X (1 + = 6.11 feet. 

This distance is measured at right angles to P P; the point Q 
thus determined will be Station 10 . The positioner Station 
11, the P. T., is determined in the same manner, except that, 
as the chords P O and G E are each 100 feet long, the 
regular chord deflection of 6.98 feet is used for E H. A stake 
is driven at each station thus located. 

To Determur* Degree of Curve by Measuring a Middle Ordinate, 
trackwork, it is often necessary to know the degree of a 
when no transit is available! for TneaRnriDf*- It tIHa 
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eonvenient Sliorcl, and multiplying its length by 8, which 
will give the chord deflection for that curye. 

Let hhr, in Fig. 4, be a 50-ft. chord, measured on the track, 
and let the middle ordinate ab he .44 ft. .44- X 8 = 3.52 
“ chord deflection for 50 ft., which, expressed in decimai 
parts of a 4ull , station, is .5; .52 = 

.25. The chord deflection for 100 ft. 

multiplied by .25 — the chord de-' 
flection for 50 ft.., w'liieh we know 
by calculation to be 3.52 ft. Hence, 

3.52 -4-. 25 = 14,08 ft., the chord deflection for 100 ft., which, 
if divided by 1.745, the chord deflection for a 1° curve, gives a 
quotient of 8.07, nearly. The inference is that the curve is 

How to Keep Transit Notes.— A good form for location 
notes is the following: 
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In the first column the station numbers are recorded. In 
the secoi^l column are recorded the deflections with the 
abbreviations P. C. and P. T,, together with the degree of 
curve and the abbreviation TJ or L’’, according as the line 
curves to the right or left. At each transit point on the 
curve, the total or central angle from the P. C. to that point 
is calculated and recorded in the third column. This total 
angle is double the deflection angle between the P. C. and 
the transit point. In the above notes there is but one inter- 
mediate transit point between the P. C. and P. T. The 
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deflection from P. C. at Sta. 3 -h 20 to the intermediate transit 
point at Sta. 4 + 50 is 2° 36^ The total angle is double this 
deflection, or 5® 12', which is recorded on tlie same line in 
the third column. The record of total raurles at once indi- 
cates the stations at which transit points are placed. The 
total angle at the P. T. will be the same as tise of inter- 

section, if the work is correct. When the cur-. : ■ rl-drl , a 
the transit is set np at the P. T., and the bearing a. Lae L'o 
ward tangent taken, which affords an additirmal ch(-cu up.-.t 
the previous calculations. The magnetic bearing is recordenl 
in the fourth column, and the deduced or calculated bearing 
is recorded in the fifth column. 


LEVELING. 

Examples in Direct Leveling.— The principles of direct level- 
ing are illustrated in the figure. 

Let A be the starting point, which has a known elevation 
of 20 ft. The instrument is set at !>’, leveled up and sighted 
to a rod held at A. The target being set, the reading. 8.42 ft., 
called a backsight, is the distance that the point where the 
line of sight cuts the rod is above the point A, and 
is to be added to the elevation of the point .4. 20.00 -f 8.42 
= 28.42 is called the height of instrument and is designated 
by H. 1. The instrument being turned in the opposite direc- 
tion, a point C is chosen, which must be below the line of 
sight. This point is called a turning %>oini, and is designated 
by the abbreviation T. P. Drive a peg at C, or take for a turn- 
ing point a point of rock or some other permanent object 
upon which the rod is held. The reading at this point is a 
foresight, and is to be subtracted from the height of the 
instrument at B to find the elevation of the point at G. 

Let the rod reading be 1.20 ft. As this reading is a fore- 
sight, it must he subtracted from 28.42, the height of instru- 
ment at R; 28.42 — 1.20 = 27.22 ft., the elevation of the point 
C, The leveler carries the instrument to D, which should be 
of such a height above € that, when leveled up, the line of 
sight will cut the rod near the top. The backsight to C gives 
a reading of 11.56 ft,, which, added to 27.22 ft., the elevation 
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of c; gives 38.78 ft., the height of 
the instrument at X>. The rodman 
J then goes to J?, a point where a 
J" foresight reading is 1.35, which# 
• ^ subtracted from 38.78, the H. I. at 

D, gives 37.43 ft., the elevation of 
^ k’ B. The level is then set up at j?; 

being careful that line of sight 
shall clear the hill at L, The back- 
% sight, 6.15 ft., added to 37.43 ft., the 

I elevation of E, gives 43.58 ft., the 

^ i ' H. I. at F. The rod held at G gives 

— a foresight of 10.90 ft., which, sub- 

2^ tracted from 43.58 ft., the H. I. at 
F, gives 32.68 ft., the elevation at 
^ G. Again moving the level to JT# 
^ the backsight to G of 4.39 ft. added 
^ to 32.68 ft., the elevation of <7# 
i gives 37.07 ft., the H.L at if. Hold- 
^ S ing the rod at K, a foresight of 5.94# 

^ . subtracted from 37137, gives 31.13, 

^ the elevation of the point JC The 

elevation of the starting point A is 
20.00 ft.; the elevation of the point 
E is found by direct leveling to be 
x[ \ 31.13 ft., and the 

V difference in the 

S elevations of A and 

1 ^ JSTisSl.lS — 20.00 = 

csfei - ' 11.13 ft.; that is, the 

K % higher than the 

bi^ point A. 

Turning points 
previously men- 
tioned are the 
^ points where back- 

<!ir sights and fore- 

5 are taken. The backsights are plus (+) readings, and 
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are to be added; the foreaghts are minus (~) readings, and 
are to be subtracted. A point for a foresight having been 
determined, the rodman drives a peg flrnily in the ground 
and holds the rod upon it. After the instrument is moved, 
set up, and a backsight taken, the peg is pulled up carried 
in the pocket until another turning point is called for. Turn- 
ing points should be taken at about equal distances fiuiii the 
instrument, in order to equalize any small errors in adjust- 
ment. In smooth country an ordinary level will i)ernut of 
sights of from £00 to 500 ft. 

To Keep Level Kotes.— Many forms are used. The distin- 
guishing feature of one of the best (see page 295) is a single 
column for all rod readings. The backsights being additive 
and the foresights subtractive readings, they are distinguished 
from other rod readings by the characteristic signs ■+ (plus) 
and — (minus). The turning points, whose foresight read- 
ings are are further abbreviated T. P. 

To Check Level Notes.— A well-knoAvn method of checking 
level notes provides for checking the elevations of turning 
points and heights of instrument only, which is sufficient, as 
all other elevations are deduced from them. The method 
depends on the fact that all backsights are additive (i. e. +) 
quantities, and all foresights are subtractive (i.e.—) quantities. 
The notes given on page 295 are cheeked as follows: The ele- 
vation of the bench mark at station 0 is 100.00 ft., to which all 
backsights, or + readings, are to be added and from this sum 
all foresights, or — readings, are to be subtracted. The sum 
of the backsights, with elevation of bench mark at 0, is 122.59. 
Sum of foresights is 24.27, and difference is 98.32 ft., the eleva- 
tion of the turning point last taken. As 
soon as a page of level notes*’is filled, 
the notes should be checked and a 
check mark placed at the last height 
of instrument or elevation checked. 
When the work of staking out or cross- 
sectioning is being done, the levels 
should be checked at each bench 
mark on the line. After each day’s 
work, the leveler must check on the nearest bench mark. : 



10.22 

2.52 

11.53 

24]27 




given in the preceding diagram are platted in the accom- 
panying section. The elevation of some horizontal line is 
assumed. This elevation is, of course, referred to datum 
plane, and is the base from which the other elevations are 
estimated. Every tenth station number is written at the 
bottom of the sheet under the heavy vertical lines. The 
profile is first platted in pencil and then inked in in black. 

Grade Lines.— The principal use of a profile is to enable the 
engineer to establish a grade line, i. e., a line showing the 
slope of the road on which the amounts of excavation and 
embankment depend. The rate of a grade line is measured 
by the vertical rise or fall in each hundred feet of its length, 


Profiles.— A profile represents a longitudinal projoerion of 
the line of survey. In it all abrupt changes In elevatiors o,rs 
clearly outlined. Vertical and horizontal measurenie:its are 
usually represented by different scales, to rciidor irregdiari- 
ties of surface more distinct through exaggesrfition. For 
railroad work, profiles are commonly made to the folkuving 
vscales, viz., horizontal, 400 ft. = 1 in.; vertical, 20 ft. = i in, 
A section of profile paper is shown in the following 
diagram. Every fifth horizontal line and every tenth 
vertical line is heavy. By the aid of these heavy lines, 
distances and elevations are quickly and correctly estimated 
and the work of platting greatly facilitated. The level notes 
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and is desigfiated bj’’ the term per cent Thus,' a grade line 
that rises or falls 1 ft. in each hundred feet of its length is 
called an ascending or descending 1 per cent, grade, and is 
written 4- 1.0 or — 1.0 per hundred. A rise or fall of ft. in 
each hundred feet is called a 0.5 grade, and is written + 0.5 
or ~ 0.5 p#r hundred. The grade line having been decided 
on, it is drawn in red ink. 

Example.-— T he elevation of station *20 is 140.0 ft.; between 
stations 20 and 100 there is an ascending grade of 754, What 
is the eIe%’alioii of tlie grade at station 71? 

Solution.— To obtain the elevation of the grade at sta- 
tion 71, w-e add to the elevation of the grade at station 20, or 
140 ft., the total rise in grade between stations 20 and 71. 
Accordingly, 71 — 20 == 51; .75 ft. X 51 = 38.25 ft.; 140 it. -f 
38.25 ft. = 178.25 ft., the elevation of grade at station 71. 


RADII AND CHORD AND TANGENT 
DEFLECTIONS. 

The formulas used in the computation of the folio wring 
table are as follows: 

For radius, M — 

siiiD 

For chord deflection, d '= 

K 


For tangent deflection, tan deflection 


2R’ 


In these formulas, B is the radius of the curve, D is its 
deflection angle (equal to one-half the degree of curve), and 
c is the length of chord for which the chord or tangent 
deflecti^ is to be determined. The chord and tangent deflec- 
tions given in the table are computed for chords of 100 feet. 

Thus, for a curve the deflection angle is 3°, the sine of 
which is .052336. Hence, for the radius and chord deflection, 
we have 


Kn 


1002 

^ ~ 955737 ^ 


as given in the table. The tangent deflection is always 
one-half the chord deflection. 
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Table op Badii and Deflections.' 


6 

D 
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Radii. 

Chord 

Deflectioii. 

■ 

Tangent 

Deflection, 
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5 
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1,677.20 
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10 

34,377.18 

.291 
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30 

1,637.28 

6.108 
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15 

22,918.33 

.436 

.218 

35 

1,599.21 

6.253 

3.127 

20 

17,188.76 

.582 

.291 

40 

1,562.88 

6.398 

3.199 

25 

13,751 .02 

.727 

.364 

45 

1,528.16 

6.544 

3.272 

30 

11,459.19 

.873 

.436 

50 

1,494.95 

6.680 

3.315 

35 

9,822.18 

1.018 

.509 

55 

1,463.16 

6.835 

3.417 

40 

8,594.41 

1.164 

.582 



6.980 

3.490 

45 

7,639.49 

1.309 

.654 

4 0 

1,432.69 

50 

6,875.55 

1.454 

.727 

5 

1,403.46 

7.125 

3.063 

55 

6,250.51 

1.600 

.800 

10 

1,375.40 

7.271 

3.635 




15 

1,348.45 

7.416 

3.708 

0 

5,729.65 

1.745 

. .873 

20 

1,322.53 

7.561 

3.7S1 

5 

5,288.92 

1.891 

.945 

25 

1,297.58 

7.707 

8.853 

10 

4,911.15 

2.036 

1.018 

30 

1,273.57 

7.852 

3.926 

15 

4,583.75 

2.182 

1.091 

85 

1,250.42 

7.997 

3.999 

20 

4,297.28 

2.327 

1.164 

40 

1,228.11 

8.143 

4.071 

25 

4,044.51 

2.472 

1.236 

45 

1,206.57 

8.288 

4.144 

30 

3,819.83 

2.618 

1.309 

50 

1,185.78 

8.433 

4,217 

35 

3,618.80 

2.763 

1.382 

55 

1,165.70 

8.579 

4.2.89 

40 

3,437.87 

2.009 

1.454 


1,146.28 

8,724 

4.362 

45 

3,274.17 

3.054 

1.527 

5 0 

50 

3,125.36 

3.200 

1.600 

5 

1,127.50 

8.869 

' 4.435 

55 

2,989.48 

3.345 

1.673 

10 

1,109.33 

9.014 

; 4.507 



15 

1,091.73 

9.160 

t 4.580 

5 0 

2,864.93 

3.490 

1.745 

20 

1,074.68 

9.305 

* 4.653 

5 

2,750.35 

3.636 

. 1.818 

25 

1,058.16 

9.450 

li 4.725 

10 

2,644.58 

3.781 

1.891 

30 

1,042.14 

9.596 4.798 

15 

2,546.64 

3.927 

' 1.963 

35 

1,026.60 

9.741 

4.870 

20 

2,455.70 

4.072 

: 2.036 

; 40 

1,011.51 

9.8Se 

4.943 

25 

2,371.04 

4.218 

; 2.10S 

1 45 

996.87 

10.031 

5.016 

30 

2,292.01 

4.36S 

; 2.181 

50 

982.64 

10.777 

5.088 

35 

2,218.09 

4.508 

; 2.254 

; 55 

968.81 

10.320 

5.161 

40 

45 

60 

55 

2,148.79 

2,083.68 

2,022.41 

1,964.64 

4.654 

4.792 

4.94c 

5.09C 

: 2.327 
I 2.40C 
» 2.472 
I 2.54c 

1 6 0 
. 5 

; 10 

15 

955.37 

942.29 

929.57 

917.19 

10.467 

10.611 

10.75? 

10.901 

5.234 

5.306 

5.379 

5.451 

^ 0 

1,910.08 

5.23£ 

i 2.618 

5 20 

905.13 

11.0481 5.524 

5 

1,858.47 

6.381 

. 2,69C 

I 25 

893.39 

11.193! 5.597 

10 

1,809.57 

5.526 

) 2.763 

; 30 

881.95 

11.3391 5.669 

15 

1,763.18 

5.672 

5 2.836 

» 35 

870.79 

11.484' 5.742 

20 

1.719.12 

S-Sll 

^ 2.008 

J 40 

; 859.92 . 

11.629. 5.814 
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Ta'ble--‘{ Continued). 


11 

IS 

.oOO 

.500 

12 

.645 

12 

.790 

12 

.936 

13 

.081 

13 

.226 

13 

.371 

13 

.516 

13 

.661 

13 

.806 

13 

.951 

14 

.096 

14 

241 

14 

387 

14 

532 

14, 

.677 

14, 

.822 

14, 

.967 

15, 

.112 

15. 

.257 

15. 

.402 

15. 

,547 

15. 

,692 

15. 

,837 

15. 

,982 

16. 

127 

16. 

272 

16. 

417 

16. 

562 

16. 

707 

16. 

852 


5.88710 0 
5.960 10 

6.032 20 

30 

6.105 • 40 

6.177 

6.250 

6.32311 0 
6.395 10 

6.468 20 

6.540 30 

6.613 40 

6.685 50 


o.yu^i jQ 
20 

6.976 30 

7.048 40 

7.121 50 


14 0 
7.846 10 

7.918 20 

7.991 ?0 

8.063 40 

8.136 SO 
8.208 

8.28115 0 
8.353 10 

8.426 20 

8.498 30 

8.571 40 

8.643 50 


17.431 8.716 
17.721 8.860 
18.011 9.005 
18.300 9.150 
18.590 9.295 
18.880 9.440 

19.169 9.585 
39.459 9.729 
19.748 9.874 
20.038 10.019 
20.327 10.164 
20.616 10.308 

20.906 10.453 
21.195 10.597 
21.484 10.742 
21.773 10. SS 7 
22.063 11.031 
22.352 11.176 

22.641 11.320 
22.930 11.465 
23.219 11.609 
23.507 11.7,54 
23.796 11.898 
24.085 12.043 

24.374 12.187 
24.663 12.331 
24.951 12.476 
25.240 12,620 
25.528 12.764 
25.817 12.908 

26.105 13.053 
26.394 13.197 
26.682 13.341 
26.970 13.485 
27.258 13.629 
27.547 13.773 


SURVEYING. 



Table— ( Coniimied). 


o / 



o 




— - 

16 0 

359.26 

27.835 13.917 

18 10 1 

316.71 

;^1.574 

15.7H7 

10 

355.59 

28.123 14.061 


20 

313.86 

31.861 

ir>.';'31 

20 

351.98 

28.411 14.205 


30 

311.06 

32.149 

16.074 

30 

348.45 

28.699 14.349 


40 

308.30 

32.436 

It;. 21 8 

40 

344.99 

28.9S(; 14.493 


50 

305.60 

32.723 

16.361 

50 

3-11.60 

29.274 14.637 









19 

0 

302.91 

33.010 

16.505 

17 0 

338.27 

29.562 14.781 


10 

300.33, 

33.296, 

16.648 

10 

335.01 

29.850 M.i}25 


20 

297.77 

33 . 080 I 

16.792 

20 

331.82 

30.137 15.069 


30 

295.25 

33.870; 

16.935 

30 

328.68 

30.425 15.212 


40 

292.77 

34.157 

17.078 

40 

325.60 

30.712 15.356 


50 

290.33 

34.4-13 

17.222 

50 

322.59 

31.000 15.500 









20 

0 

287.94 

134.730 17.365 

18 0 

319.62 

31.287 15.643 
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RETAINING WALLS. 

On the Theory of Retaining Walis.— Let ahdc, Fig. 1, be a 
retaining wall with battered face and vertical back. The top 
5 e of the backing is level with the top of the wall. Let de 
represent the natural slope of the material composing the 
filling, viz., 1^ horizontal to 1 vertical, which is the average 
of materials used for back filling. 

It is assumed that the wall abdc is heavy enough to resist 
gliding along its base and that it can fail only by overturning, 
^ ^ i. e., rotating about its toe c. 

^ Now, if the angle od^e (between 

vertical line od drawn from 
inner bottom edge of the 
natural slope dc) 

jp— be bisected by the iine^dj, the 

^ angle od/ is called the arigie, 

and the line df the dope, of maxi- 
mum pressure. The triangular prism of earth odf is called 
the prism of maximum pressure, because, if considered as a 


m 
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wedge acting against the back of the wall,- it would exert a 
, greater pressure against it than would the entire triangle ode 
, 01 earth considered as a single wedge. For though the latter 

f Ls more than double the, weight of the former, yet it receives 

; much great«^' support from the underlying earth. It has been 
proved by experiment that, if the triangle of earth ode is 
divided by any line df into %vedges, the wedge that will 
press most against the wall is that formed when the line df 
divides the angle ode into two equal parts. 

The angle odh formed by the vertical od and the hoTi» 
zontal dA is 90° The angle of natural slope 
hence, the angle o df of maximum pressure is equal to 
, (90°— 3S‘=’41'') -1-2 ~ 28°09h 

^ In making calcinations, only one foot of the length of wail 
ana of the bacicmg is taken, so all that is necessary is to take 
^fhe area of the section of the wall and backing. The mate-^ 
nal composing the backing is supposed to be perfectly dry 
and to possess no cohesive power, ivhich is practically true of 
pure sand. 

If ive conceive the wall abdc, Fig. i, to be suddenly 
removed, the triangle 5 df of sand included between the line 
of maximum pressure df and the vertical back 6 d of the wall 
would elide downward, Impelled by a force n P, acting in a 
direction nP at right angles to the side bd of the triangle 
I. e„ at right angles to the vertical back 6 d of the wall- the 
center of pressure being at P one-third of the distance between 
0 and d measured from the bottom of the wall d The 
amount of this force nP is: 


Perpendicular pressure — ^ triangle of earth bdfxof 

vertical depth "o d ^ * 

This formula not only applies 
to walls with vertical backs, 
as in Fig. i, but to those ivith 
inclined backs, as in Fig. 2, for 
inclinaftons as high as 6 in. hori- 
zontal to 1 ft. vertical, which fl 
is rarely met with and never 
exceeded. 



Fie. 2. 


Friction Caused by Pressure of Backing.— -If all the backinfi 



s: i 



led between the line of natural slope and the 
1 were unconfmed, it would slide, producing 

o e ^notion; b u t 

j confined by 

■ I h/ tile retaining 

wall, the 

verted into 

mV P r f-' •'" r e of 
MAAv , against 

d d the b a G k of 

the wall, re- 
sisted by the/rietion between the compressed 
earth and the wall. 

If the wall were to begin to overturn 
about its toe c (Figs. 1 and 2) as a fulerunr 
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IeP measured to tlie same scale will give us tLe amount of 
tlieir resultant, wliieli' is approximately the migle theoretical 
Jorce botli in amount and direction that the wall has to resist. 
This force inGlndes the wall friction. The force li B is always 
equal to the perpendicular force n P, divided by the cosine of 
the anglefif wall friction. The cosine of the angle of wall 
friction is .832 and the value of the force h P may be expressed 
in the following formula: 

Approximate theoi'eticai pn^ssure 

„ P __ triangl e hcl fx of 

veriieal height od xT832 

When the hack of the wall does not incline fortvard more 
than 6 in. horizontal to 1 ft. vertical, equal to an angle of 
about 26° 34^ the following formula by Trautwine is used, viz.: 

Approximate theoretical pressure 

= k p = weight of triangle 5 d. f >' .643, 
wfoich includes friction of earth against the back of the wall. 

To Find th© Overturning and Resisting Forces. — To jincl the 
overturnmg tendency of the earth pressure mid the resistance of 
the wall against being overturned about its toe c. as a fulcrum 
(see Fig, 3). Find the center of gravity g of the 'wall, and 
through g draw the vertical line g L Produce the line of 
pressure h P, and draw cv at right angles to this line. To any 
convenient scale, lay off 1 1 equal to the weight of the wall 
and to the same scale Im equal to the pressure hP. Com- 
plete the parallelogram Imst. The diagonal Is will he the 
resultant of the pressure and the weight of the wall. The 
stability of the wall will increase as the distance c r from 
the toe to the point where the resultant Is cuts the base, 
increases. To insure stability, er must be greater than | cd. 

The p-essure hP, if multiplied by its leverage cv, will give 
the moment of the pressure about c, and the weight of the 
wall It, multiplied by its leverage ct\ will give the moment 
of the 'wall. The 'wall Is secure against overturning in pro- 
portian as its moment exceeds that of the pressure. 

For example, let the height of the wall ahdc,m Pig. 3, 
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Taking the section as 1 ft. in thickness, we have the con- 
tents equal to 6.57 X 9 -f- 2 == 29.56 cu. , ft. , Assuming t!i9 : 
material to weigh 120 lb. per cu. ft,, the weight of the triangle 
baf is 29.56 X 120 - 3,547 Ib.; <?/« 4.81 ft. 3,547 X 4.8i 

17,061. 17,061 oc? = 1,895.7 ib, w the pe:^endiciilar 

pressure n P. Lay off on a line perpendicular to the back of 
the wall at P, to a scale of 2,000 lb. « 1 in., wP = 1,895.7 -f. 
2,000 «= .948 in., the perpendicular pressure. Draw PA, 
making the angle nPh = 41'. Draw n h intersecting h F 

in A; then will nh to the same scale equal the friction of the 
earth against the back of the wall. Completing this parallelo- 
gram, nkIcP, the diagonal AP « 1,139 in., which, to a 
scale of 2,000 lb. = 1 in., amounts to 2,278 lb., and is the 
resultant of the pressure and the friction. 

Produce the resultant A P to w. We next find the center 
of gravity g of the wall abdc. The section of the wall is a ^ 
trapezoid, and the center of gravity ^7 is readily found as 
follows; Produce the upper base of the section to x, and 
make ax = cd =» 4.5ft. Then produce the lo’wer base in 
the opposite direction to y, and make d 2/ « a 6 =» 2 ft. Join 
X and y. Find the middle points af and y' of the upper and 
lower bases of the section. Join these points. The inter- 
section g of the lines z y and a/ 2/' is the center of gravity of 
the trapezoid a 6 dc. 

The volume of the section of wall a 6 d c is readily found. 
The sum of top and bottom widths « 2.0 +4,5 6,5 ft. 

6.5 4- 2 =*3.25 ft. 3.25 X 9 = 29.25 cu. ft. 29.26 X 154 - 4,504 lb. 
(the weight per cubic foot of good mortar rubble « 154 lb.) 

»= the weight of the section abdc. Draw through g a verti- 
cal line gi, and lay off on it, to a scale of 2,000 lb. to the inch, 
from the point Z, where the line of gravity intersect! the pro- 
longation of the line of pressure AP, the length It equal to 
4,504 lb., the weight of the wall. Layoff from ^ on the pro- 
longation of AP, tm equal to 2,278 lb. to the same scale. 
Complete the parallelogram tmst The diagonal Is represents 
the resultant of the pressure and of the weight of the wall. 
The distance cr from the toe c to the intersection of the 
resultant Z s with the base ed is more than one-third of the 
Width of the base, which insures ample stability. 
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Pmsir® of the Backing m Surcharged W8!ls.—In Fig. 4 the 
siircliarge of backing w b o slopes from b at its natural slopes 
aiid attains its maximum 
pressure where .the slope 

of maximum pressure d k / 

intersects tlTe natural 

sloped TO at/. Anyadcli- yi 

tional height of sur- / 

charge does not increase ny^^ J 

this pressure. If the sur- ^ / J 
charge slopes from a, as 
shown by the line ap, or 

from any point between ^ , 

G and 5, then the slope of 

maxiniuoi pressure must — * 

be extended, intersecting PiG. i. 

the slope from a in the 

point k. The prism of maximum pressure will then be dik, 
“^The triangle of earth abi on the top of the wall exerts 
no pressure against the baek of the wall, but adds to its 
stability. 

Having found the weight of the triangle b df, we have 
approxlmaie pressure == w’eight of triangle 5 d/X .64S, 
which includes the pressure of the backing and the friction 
of the earth against the back of the wall. 

Draw Fn perpendicular to the back of the wall and draw 
hP making the angle nPh~ 33® 41, the angle of wall 
friction. Then, h P will he the direction of the pressure. 
The point of application of this pressure will not always be 
at P, one-third of the height of h d measured from d, but 
above P, at r, where a line drawn from the center of 
gravity g of the prism of maximum pressure dih (omitting any 
earth resting directly upon the top of the wall), and parallel 
to the line d A: of maximum pressure, cuts the back 6 d of the 
wall. Tfie center of pressure P will be at one-third the 
height of the w^all when the sustained earth d6s or dhf 
forms a complete triangle, one of whose angles is at 6, the inner 
top edge of the wall. For all other surcharges, the point of 
pressure will be above P. 
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TUNNEL SECTIONS. 

Tunnel sections vary somewhat, aceordini?’ to the material 
to be excavated, but the general form and dim elisions are 
much the same. 

Section of Secuon, of 

Double-Track Tunnel. Sin pie- Track Tunnel 




i ^ — X — M 




iVjtT , a 

>-1 




Fig. 1. Fig. 2. 

The general dimensions are as follows: For double track, 
from 22 to 27 ft. wide and from 21 to 24 ft. high, and for single 
track, from 14 to 16 ft. wide and from 17 to 20 ft. high (see 
Figs. 1 and 2). 

In seamy or rotten rock the section is sufficiently enlarged 
to receive a lining of substantial rubble or brick masonry 
laid in good cement mortar. When the material has not 
sufficient consistency to sustain itself until the masonry lining 
is built, resort is had to timbering, which furnishes the 
necessary support. ^ 

CALCULATION OF EARTHWORK. 

. In calculating the quantity of material in excavation and 
embankment, two general methods are used, namely, the 
end-area formula and the prismoidal formula. 

Calculation by the end-area method consists in multi|>ly' 
Ing the mean, or average, area in square feet of two consecu- 
tive sections by the distance in feet between them. Thus. 
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line area m square feet of the next section; (7, the number 
of feet between the sections; and D, the total number of cubic 
feet ill the Xirismoid lying- between these sections. Then, 

j) = X C', approximately. 

The distance between sections should not be more than 
100 ft., and should be less if the surface of the ground is 
irregular. 

A more accurate result is obtained by the nse of the x^ris- 
moidal formula. In applying the prismoidal formula to the 
calculation of cubic contents, it is requisite to knoir the 
sixddle cross-section between each two that are measured on 
the ground. The dimensions of this middle section are the 

means of the dimensions of the end sections. 

Calling one of the given sections A, the other B, the mid- 
dle not the mean) section 3f, the distance between the 
sections i, and the required contents S, ive have, bv the 
prismoidal formula, 


Exajiple.—Two , 

sections are repre- 

seiited by Figs. 1 

and 2, and are de- 1 I 

noted by the letters 

A and B. The per- 1 

pendicular dis- J. 
tance between ^ ^ ^ . 

them i%,50 ft. It 

is required to find the cubical contents of the prismoid. 

>— Solution.— T he sec- 

tioii given in Pig. 1 is 
I composed of the four 

1 triangles a, 5, c, and d. 
r triangles a and 5 

1— X. — ^ have equal bases of 9 ft,, 

» » the half width of the 

2. roadway; hence, if we 
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take 'half the sum of their altitudes and multiply it by the 
common base we shall have the sum of the areas of the 
triangles a and d. 

The triangles c and d have a common base 8 ft., the eeiitei 
cut of the section, and if we take the half sum the side 
distances and multiply it by 8 ft., we shall obtain the areas: of 
the triangles c and d. Taking the dimensions of section A 
given in Pig. 1, we have 

Areas of triangles a + 5 = X 9 = 80.1 sq. ft. 


Areas of triangles c H- d xS ~ 143.2 sq. 

Total area of section A = 223.3 sq. 
Taking the dimensions of the section B given in Fq 


Areas of triangles a' + b' 


Areas of triangles c' d^ == X 5 = 74.75 sq. ft. 

Total area of section B =* 128.3 sq. ft. 
In applying the prismoidal formula we calculate the area 
of a section midway between the given sections, and for its 


Fig. 3. # 

dimensions we take the mean of the dimensions of the 
sections. These dimensions will be as follows : 

Center cut, =s= 6.5 ft. « 


Eight-side distance, 


Left-side distance, 





■ • 

_ V*. 


.v.'. 


IfS®! 
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With dimensions thus found, construct the section M 
shown in . Mg. 3. 

ihe area of section if is computed by the .same method 
as- that used with sections .4 and B in Figs. 1 and 2, and is a, a 
follows: 

' « 

Area of h^f — _ iya » » 


Total area of section if = 1,73.2 sq. ft. 
Ece between the sections by L and the 
;he prismoid by S, we have, by substi- 
iai formula, 


Denoting the dista; 
cubical contents of t 
tutiiig in the prismoic 


TRACKWORK. 

Curving Rails.— When laying track on curves, in order to 
have a smooth line, the rails themselves must conform to the 
curve of the center line. To accomplish this, the rails must 
be curved. The curving should be done with a rail bender 
or with a lever, preferably with the former. 

To guide those in charge of this work, a table of middle 
and quarter ordinates for a 30-ft. rail for all degrees of curve 
should be prepared. 

The following table of middle ordinates for curving rails 
is calculated by using the formula 


in which m = middle ordinate; 

c ==» chord, assumed to be of the same length as 
* the rail; 

is = radius of the curve. 

-The results obtained by this formula are not theoretically 
correct, yet the error is so small that it maybe ignored in 
practical work. 
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j In cnrving rails, the ordinate is measured stretching 

j a cord from end to end of the rail against the gauge side, as 

I shown in Fig. 1. Suppose the rail A Bis SO ft. in lengt:-:. and 

the curve 8'^. Then, 
by the previous profe';: 
lem, tilt middle' 
ordinate at a should'; 
be 1| in.. To insure ' 
; a uniform curve to the rails, the ordinates at the quarter 6 

j and 6' should he tested. In all cases the quarter ordi- 

] nates should he three-quarters of the middle ordinate. 

I In Fig. 1, if the rail has been properly curved, the quarter 

r ordinates at & and 6' will be f X 1| in. ==* , say in. 




Fig. 1. 
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Id traeisftyorls: it is often necessary to ascertain the degree 
of a curve, though no transit is available for measuring it 
The foiloiving table contains the middle ordinates of a 
curve for chords of various lengths: 

The lengths of 


tile chords are 
varied, so that a 
longer or shorter 
chord may lie used, 
according as the 
curve is regular 


Length of Chord. 
Peet. 


Middle Ordinate 
of a 1° Curve. 
Inches. 


The table is ap- 62 1 ' 

plied as follows: ^ 

Suppose the middle 
ordinate of a 44-it 

chord is 3 in, \Ye fmd in the table that the middle ordi» 
iiate of a -bl-ft. chord of a 1® curve is | in. Hence, the degree 
of the given curve is equal to the quotient of S -4- =6® curve. 

Elsvatiots of Curyes.—To counteract the centrifugal force 
developed when a car passes around a curve, the outer rail is 
elevated. The amount of elevation will depend on the radius 
of the curve and the speed at which trains are to be run. 
There is, however, a limit in track elevation as there is a liniit 
in widening gauge, beyond which it is not safe to ]>ass. 

The best authorities on this subject place the maxlniiini 
elevation at one-seventh the gauge, or about 8 in. for standard 
gauge of 4 ft. Sk in. The gauge on a 10® curve elevated for a 
speed of 40 miles an hour should be widened to 4 ft. 9-1 in. 

All curves, when possible, should have an elevated 
approac;;^ on the straight main track, of such length, that 
trains may pass on and off the curve without any sudden or 
disagreeable lurch, 

A good rule for curve approaches is the following: For 
each^half inch or fraction thereof of curve elevation, add 30 
ft., for 1 rail length, to the approach; that is, if a curve has an 
elevation of 2 in., the approach will have as many rail lengths 
m the nu mber of times I is contained in 2, or 4. The approach 
will, therefore, have a length of 4 rails of 30 ft. each, or 120 ft. 
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The following table for elevation of curves is a &mproiiils 0 . 
between the extremes recommended by different engineers. 
2t is a striking fact that experienced trackmen never elevate 
track above 6 in. and many of them place the limit at 5 in. 


Degree i 
of 

Curve. 

Length of 
Approach. 
Feet. 

Elevation. 

Inches. 

Width ' 
of 

Gauge. 

^S|)eefl 
of Train. ■ 
Miles 
per Hour. 

1 

60 

1 ■ i 

4' 8,^'' 

60 

2 

120 

2 ’ 

4' 

60 

3 

150 

234 


60 

4 1 

180 

2^ 

4'' m" 

55 

5 

180 

3 

4' g%" 

60 

6 j 

210 

m 

4' 8%^' i 

, 45 

7 ’ 

210 


4' 9" 

40 

,8 .. i 

240 

m 

4' 9" 

35. 

■ 9 ' 1 

240 

4 

4' 9" i 

30 

10 

270 

Hi 

4' 9'^ 

25 

11 ' 

270 


4' 934" 

20 

■ 12 

270 


4' 9W' 

15 

13 ■■ .! 

240 

4'9M" 

10 

14 1 

240 

Hi 

4' 934" 

10 

15 

240 

4 

4' 9)4" 

10 

16 

240 

4 

I 
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The Elevation of Turnout Curves. —The speed of all trains in 
passing over turnout curves and crossovers is greatly reduced, 
so that an elevation of i in. per degree is amply sufficient for 
all curves under 16°. On curves exceeding 16®, the elevation 
may be held at 4 in. until 20® is reached, and on curves 
extending 20®, ^ in. of elevation per degree may be allowed 
until the total elevation amounts to 5 in., which is sufficient 
for the shortest curves. 

The Frog.— The frog is a device by means of which the rail 
at the turnout curve crosses the rail of the main track. The 
frog shown fn Fig. 2 is made of rails having the same cross- 
section as those used in the track. The wedge-shaped part A 
is the tongue, of which the extreme end a is the pomt. The 
space 5, between the ends c and d of the rails, is the mou% 
and the channel that they form at its narrowest point e is the 
throat. The curved ends / and g are the mngs. 
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In the ends of the rails e, d, k, and I to receive the holts n&ed 
in fastening the rail sx>liees, so that the rails of vhieli the 
frog is composed form a part of the continuous track. 

The Frog Number.—The number of a frog is the ratio of its 
length to its breadth; i. e., the Ciuotient of its length divided 
by its breadth. 

• Thus, In Fig. 2, if the length a' I, from point to heel of frog 
Is 5 ft., or 60 in., and the breadth /i of the heel is 15 in., the 
number of the frog is the quotient of GO 15 = 4. Tlieoret- ' 
ically, the length of the frog is the distance from a to the 
middle point of a line dra wn from k to 1; practically, we take 
from a to 2 as the distance. As it is often difficult to deter* 
mine the exact point a of the frog, a more accurate method 
of determining the frog number is to 7neasure the entire length 
dl oj the frog from mouth to heel, ajid dimde this length by the 
sum of the mouth width b mid the heel ‘width h. The quotient 
will be the exact num ber of the frog. 

For example, if, in Fig. 2, the total length d I of the frogds 
7 ft. 4 in., or 88 in., and the width h is 15 in., and the width h 
of the mouth is Tin., then the frog number is SS (15 -f 7) = 4 . 
Frogs ar^ known by their numbers. That in Fig. 2 is a 
X?o. 4 frog. 

The Frog Angle.—The frog angle is the angle formed hy the 

gauge lines of the ^ 

rails, which form — - — 

' its' tongue. Thus, — ■ — — 

in 'Fig. 2,; the frog ^ 

an|le is the angle' ' , y - 

The amount Fio. 3. 

of the angle may be found as follows: The tongue and heel of 
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the frog form an isosceles -triangle (see Fig. 3). By drawing 
a line from the point a of the frog to the middle point b of 
the heel cd, we form a right-angled triangle, right-angled 
at 5. The perpendicular line a b bisects the angle a, and, by 

b G 


trigonometry, we have tan a ■■ 


ah' 


The dimensions of 


the frog point given in Pig. 3 are not the same as those given 
in Fig. 2, but their relative proportions are the same, viz., the 
length is four times the breadth. The length ab = i and 
themdthcd i; hence, 6c = Substituting these values, 

we have tan | a « J = f == ,125. "^Vhence, | a = 7® 7.y and 

a = 14® 15'; that is, the angle of a No. 4 
frog is 14® 15'. 

Frog numbers run from 4 to 12, inclu- 
ding half numbers, the spread of the frog* 
increasing as the number decreases. 

The Parts of a Turnout— The 
several parts of a turnout are 
represented in Fig. 4. The dis- 
tance pj ftom the P, C. of the 
turnout curve to the point of 
frog is called the fi'og distance. 
Fig. 4. The radius co of the turnout 

curve, the frog distance, the 
ftog angle, and the frog number bear certain relations to one 
another, which are expressed by the following formulas: 
Tangent of half fr og angle — gauge frog dista nce. 

Frog number = |/ radius c o -P twice the gaug^. 

Frog number = 1-^1 the tangent of the frog angle. 

Eadius c o =» twice the gauge X square of the frog number. 
Badius co ^ (trog distance pf -i- sine of frog angle) — i the 
gauge. 

Badius co = gauge -5- (1— cosine of frog angle) h the 
gauge. 

Frog distance pf « frog number x bivice the gauge. ^ 
FTog distance pf = gauge pq-~ tangent of -k the frog angle. 
Frog distance p/ == (radius co + half the gauge) x sine of 
&og angle. 
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Mi,ddle^ ordinate (approximate) == :^ tl 
Eacli side ordinate (approximate) = 
(or .188) of the gauge. 


throw in feet x 10,000 


tm deflectioa for chVrds of UiOV ibr radius Ao of tornout ’^e 


The tangent deflectioi 
pages 298-300. 


may he obtained from the table 


Tuenouts From a Stra 
Gauge, hft. 8km. Throw 


denote the 

switch that will at the same time form 
s^e 5 in. throw. Point ot 
more than 3| in., though 
5 in., with an equal space between the 
;I. The heels of a split switch, which 
S' stub switch, should 


shortest length of stub 

part df the turnout c 

split switches require a throw of not' 
m*ny have a throw of r ’ 
gauge lines at the heel, 
occupy the same position as the toes of 


bt 

O 

rj 

'S) 

Turnout 

Radius, 

1 Degree of 
Turnout 
Curve. 

Frog’ 

Distance. 

Middle 

Ordinate. 

O 


Feet. 

o 

/ 

Feet. 

Feet. 

4 

4(5 

1,356 

4 

14 

113.0 

1.177 

4 

58 

1,245 

4 

36 

108.3 

1.177 

5 

12 

1,139 

6 

02 

103,6 

1.177 

5 

28 

1,038 

5 

31 

98.9 

1.177 

5 

44 

942 

6 

05 

94.2 

1.177 

6 

02 

850 

6 

45 

89.5 

1.177 

6 

22 

763 

7 

31 

84.7 

1.177 

6 

44 

680 

8 

26 

80.0 

1.177 

7 

10 

603 

9 

31 

75.3 

1.177 

7 

38 

530 

10 

50 

70.6 

1.177 

8 

10 

461 

12 

27 

65.9 

1.177 

8 

48 

398 

14 

26 

61.2 

1.177 

9 

32 

339 

16 

58 

56.5 

1.177 

10 

24 

285 

20 

13 

51.8 

1.177 

11 

26 

235 

24 

32 

47.1 

1.177 

12 

40 

191 

30 

24 

42.4 

1.177 

i4 

14 

151 

38 

46 

37.7 

1.177 
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"be placed at the point where the tangent deflection or offset 
is 5 in. The point where the tangent deflection is but 4-j in. 
will answer for many rail sections, but for those above 05 lb. 
per yd., 5 in. should be taken. 

In the table on pages 298-300, tangent deflection^ for chords 
of 100 ft. are given for all curves up to 20°; and for a curve of 
higher degree, the tangent deflection may be found by apply* 
ing the formula tan deflection — 

In complicated trackwork, where space is limited, curves 
must be chosen to meet the existing conditions, and not with 
reference to particular frog angles, in w^hich case the frogs 
are called special frogs and are made to fit the particular 
Y & curve used. The deternii" 

^ nation of the frog distance, 

« switch length, and frog angle 
may be understood by referring 

/ /y \ 

/ \ Let the main track a 6 be a 

/ \ straight line; the gauge p g == 

r' \ ^ 

\ turnout curve = 

J/n chord gd = 100 ft; 

i/\ cd — the tangent deflection 

q-f-p ■■ ^ of the chord qd; and pf s=s 

a Fig. 5. the frog distance. From the 

table on page 299, we find the 
tangent deflection for a chord 100 ft. long of a 13° curve is 
11.32 ft. Then, from Fig. 5, we have the proportion 
cd: ef = qc^ : q^. 

Now, in curves of large radius, q c and q d are assumed to 
be equal. Also, qe ~ pf, the frog distance, and substituting 
these equivalents we have the proportion 
cdief =1^^ 

Substituting the above given quantities in the proportion, 
we have 11.32 : 4.71 = 100^ : p/®; 

whence, ^ 

and the frog distance, pf = 64.5 ft. 
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space between the gauge jines at the heels of a split 
Af ^ T distance from the P. O. 

as foUowir the. switch may be found 

tangent offset at the heel of the switch 
— ' .42 It., we have the proportion 

^ ^ cd : h ~ 

and substituting known values, we have 
11.32 : .42 = 1002 , 

whence, 


-rT2 10,000 X .42 

®'‘ '-hnl— = 3^-02. 


and ^ g/i= 19.26 ft. 

Thxs locates the heel of a split switch and the toe of a stub 


Th^ifrog avgle is the angle kfl (see Fig. 5) formed by the 
ouuge^nne^ot hie mam rail/ A: and the tangent to the outer 
ai q] 0 . me turnout carve at the point where the two rails 
intersect. Tnis angle is equal to the central angle qof. The 
arcs 0 ./ and rs are assumed to be of the same length. The 

angle for a chord of 1 ft. 


- /.b, and the central angle for 64.5 ft. the frog 


100 

By this process the frog distance, switch length, and frog 
angle may be calculated for curves of any radius. 

To Lay Out a Turnout From a Curved Main Track.—There are 
two cases: 

tioTmn^rLZT ™ “ “ « 
tion:mSat r“ 

1 ., ^"/S-6, the curve a&is3°30', and It is proposed to use a 
Ijo. 8 trog. By reference to the table on page 815, we find that 
tlie degree of curve corresponding to a No. 8 ftog is g° sr. 

curve's e, whose degree when 
adM to the degree of curve of the main track shall equal the 
degfite required for a No. 8 ftog; i. e., we use a 6° turnout 
curve, which is within 1 minute of the required degree, and 
close enough for practical purposes. We know that for 


PS^’' 
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A'9 S Frog, 


curves of moderate radii, i. e., from P ’.ip to 12*^, tlie 'iangent 
defections or offsets increase as the degree of the curve. 
That is, the tangent deflection of a 2°, 4°, unci CP is Uvo, four, 
and six times, respectively, that of a P curve. In the accom- 
panying cuts illustrating the location of frogs and snatches, 
each curve is represented by two lines indicuLTng iho roils, 
whereas only the center lines of the curves are run in on the 
ground. In Fig. 0, the line cd is tangent to the cc-nler lines 
of the curves. These center lines do not appear in the cut. 

Again referring to Fig. G, if a tangent cd be drawn at c, 

the point coininon to 
the center lines of the:: ' 
curves, the sum of the 
deflections of both 
curves from the edm- 
mon tangent ’Will; 
equal, in this case, . 
to the tangent deflec- 
tion of a 9° 30' curve from a straight line. 

Accordingly, to find the frog distance for a G® turnout 
curve from a 3° 30' curve, the curves being in opposite direc- 
tions, as showndn Fig. 6, we find the tangent -deflection of a 
9° 30' curve for a chord of 100 ft. This deflection is S.2S ft., as 
given in the table on page 299. 

Assuming the gauge of track to be standard, viz., 4 ft. 8-1 in. 
= 4.71 ft., and denoting the required frog distance by x, we 
have the following proportion: 

8.28 : 4.71 = 100= : .^2, 



whence, 


ofi = 


10,000X4.71 


= 5,688.4, 


8.28 

and the frog distance, .T = 75.42 ft. ® 

We use the tangent deflection for a 9^ 30' curve, which 
very nearly equals the tangent deflection for a 9° 31^ curve, 
thus saving the labor of a calculation; this will not appreci- 
ably affect the result 

We locate the heel of the switch in the same wmy, using 
for the second term of the proportion, .42 ft., the disiance 
between the gauge lines at the heel, instead of 4.71 ft., the 
gauge of the track. 
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W ^^se n, both curres deflect 

, m the same direction, and the ■ , 

rate of their' deflection from • 

eaeli other is equal to the rate 

of the dqjection of a . curve X 

whose degree is equal to the / 
difference of the degrees of the / //^<r 

two curves from a tangent. f / / /^\\ 

•het the main-track curve j/ / / \ \ 

ah he 5^, and the turnout // // \ \ 

curve ac be 10°. Then, the If \ 

rate of deflection or divergence I I ''\ 

of the 10® curve from the 5® ^ 

equals tne divergence /. 

of a (10O "kO\ ro /> 

^ ^ straight track or tangent 

whence, = 10,S02.S, 

and the frog distance, x = 103.9 ft. 

fto» so as ‘ out a switch, locate the 

iro, so as to cut the least possible number of rails Where 
theie IS some latitude in the choice of location, the P C of 

tne cutimg of but one main-track rail. Measure fbo 
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to the theoretical point of frog. For example, if the vTldt'h 
of the frog at the heel is 8|- in., and a No. 8 frog is to he used, 
the theoretical distance from the heel to the point of frog is 
S.5 X 8 = 68 in. == 5 ft. 8 in. Measure off this distance from 
the point, marking the heel of the frog. This will locate the 
point of the frog, which should he distinctly marked with 
red chalk on the flange of the rail. It is a common practice 
to make a distinct mark on the web of the main-track rail, 
directly opposite the point of frog. This point being under 
the head of the rail, it is protected from wear and the weather. 
The P. C. of the turnout curve is then located by measuring 
the frog distance from the point of frog. From the ta,ble on 
page 315, w'e find the frog distance for a No. 8 frog is 75.3 ft., 
and the switch length, i. e., distance from P. C. of turnout 
curve to heel of split switch or toe of stub switch, is 22 ft, 

If a stub stvitck is to be laid, make a chalk mark on both^ 
main-track rails on a line, marking the center of the head- 
block. A more permanent mark is made with a center punch. 
Stretch a cord touching these marks, and drive a stake on 
each side of the track, with a tack in each. This line should 
be at right angles to the center line of the track, and the 
stakes should be far enough from the track not to be dis- 
turbed when putting in switch ties. Next, cut the switch 
ties of proper length; draw the spikes from the track ties, 
three or four at a time, and remove them from the track, 
replacing them with switch ties, and tamping them securely 
in place. When all the long ties are bedded, cut the main- 
track rail for the frog, being careful that the amount cut off 
is just equal to the length of the frog. If, by increasing or 
decreasing the length of the lead Sfr, it is possible to avoid 
cutting a rail, do not hesitate to do so, especially for frogs 
above No. 8. 

Use full-length rails (30 ft.) for moving, or switch, rails, 
and he careful to leave a joint of proper width at the head- 
chair. Spike the head-chairs to the head-block so that the 
main-track rails will be in perfect line. Spike from 8 to 11 ft. 
of the switch rails to the ties, and slide the cross-rods orP to 
the rail flanges, spacing them at equal intervals. The cross- 
rods are placed between the switch ties, w^hieh should not 
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be more than 15 in. from center to center of tie. The switch 
ties, especially those under the moving rails, should he of 
s'avMxi oak timber. Southern pine is a good second choice, 
xlttaeli the connection-rod to the head-rod and to the switch 
stand. , Whh these connections made, it is an easy matter 
to place the switch stand so as to give the .proper throw of 
the switch. 

It is common practice to fasten the switch stand to the 
head-block with track spikes, but a better fastening is made 
with bolts. The stand is first x»roperly placed, and the holes 
marked and bored, and the bolts passed through from the 
under side of the head-block. This obviates all danger of 
movement of the switch stand in fastening, which is liable 
to occur wdien spikes are used, and insures a throw. 

The use of track spikes is quite admissible when holes are 
shored to receive them, in which case a half-inch auger should 
be used for standard track spikes. The switch stand should, 
when possible, be placed facing the sw-dtch, so as to be seen 
from the engineer’s side of the engine — the right-hand side. 

Next stretch a cord from a, Fig. 8, a point on the outer 
main-track rail opposite the P. C. of the turnout curve, to 5', 
the point of the frog. This cord will take the position of 
chord of the arc of the outer rail of the turn- 
out curve. Mark the middle point c and the 
quarter points d and e. Whatever the degree 
of the turnout curve, the distance from the 
middle point c of the chord to the arc a 5' is . 

1,18 ft., and the distances from the quarter ^ 
points d and* e are .88 ft.; hence, at c lay off 
the ordinate 1.18 ft., and at both d and e the 4 
ordinate ^8 ft., three-quarters of the middle 
ordinate. These offsets will mark the gauge * 
line of the rail ah'. Add to these offsets the 
distance from the gauge line to outside of the 
rail flasige, and mark the points on the switch ties, Spike a 
lead rail to these marks, and place the other at easy track 
ga%ge from it. Spike the rails of the turnout as far as the 
point of frog to exact gauge, unless the gauge has been 
widened owing to 
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point of frog the curve may be allowed to vary a little in 
gauge to prevent a Mnk showing opposite the frog. In ease 
the gauge is widened at the frog, increase the guard-rail dis- 
tance an equal amount. For a gauge of 4 it. Si- in., place the 
side of the guard rail that comes in e on tact with the car 
wheels at 4 ft. G-| in. from the gauge line of This 

gives a space of It in. between the inaiii and ;:;i.aeA .'n;;,-'. 

In case the gauge is widened or h in., inert':;.-;.' do.- y;:'.!'.'.!- 
rail distance an equal amount. 

When the turnout curve is very sharp, it will be nec('-s-ury 
to curve the switch rails, to avoid an angle at the licad-hioi'k., 
The lead rails should ho carefully curved before being laid, 
and great pains should be taken to securo a perfect line. 

If a point, or split, switch is to be laid, the order of worlc is 
nearly the same. The same precautions must be taken to 
avoid the unnecessary cutting of rails, with the additional 
precaution of keeping the switch points clear of rail joints, 
as the bolts and angle splices ujll prevent the svireh th tints 
from lying close to the stock rails. As already stated, these 
conditions can usually be met where there is some range in 
the choice of the location of the switch. Where there is 
none, the main-track rails must he cut to fit the snitch. 

Having located the point of frog, the T. C. of the turnout 
curve, and the heel line of the switch, Tnoasiiro back from 
the heel line a distance equal to the length of the switch 
rails, and place on the flange of each rail a chalk mark to 
locate the ends of the switch points. This will also locate the 
head-block. Prepare switch ties of the requisite number 
and length, and place them in the track in prt>per order. As 
in the case of stub switches, see to it that all long switch ties 
are in place before cutting the rail for placing^the frog; 
also, that the ends of the lead rails, with which the switch 
points connect, are exactly even; otherwise, the switch rods 
will be skewed, and the switch will not work or nt well. 
Fasten the switch rods in place, being careful to places them 
in their proper order, the head-rod being No, 1. Each rod is 
marked mth a center punch, the number of the imimh 
marks corresponding to the number of the rod. 

Couple the switch points with the lead rails, and place the 
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sliding plates in position, securely spiking them to the ties. 
Connect the head-rod '^vith the switch stand, and close the 
switch, giying a clear main track. 

Adjust the stand for this position of the switch, and holt it 
fast to the head -block. Next, crowd the stock rail against 
the switch^joiiit so as to insure a close fit, and secure it in 
place with a rail brace at each tie; then continue the laying 
of the rails of the turnout. 

If there is no engineer to lay out the center line of the 
turnout, the section f('>roman can put in n r /7 
the lead from ordinates, as explained in j j 

Fig. S. In modern railroad practice, how- | j 

ever, most traekwork is done under the ^ j jl 
direction of an engineer, in which case I || 

the center line of the turnout is located <v L ij 
Tiwlth a transit. This insures a correct lino ff I 

and expedites worli:. For ordinary curves, K/ Jj; 

center stakes at intervals of 50 ft. are I M 

suilieient, excepting between the P. C. of I 
the turnout and the point of frog, -where I I Ij 
there should be a center stake at each I llj 
interval of 25 ft. Place a guard rail oppo- I jl 
site tlie point of frog on both main track | JJ 
and turnout. The guard rail should be jtig. 9. 

10 ft. in Icngtli; this is an economical 

length for cutting rails, as each full-length rail makes three 

guard rails. 

Two styles of guard rails are shown in Fig. 9. That shown 
at B is in general use, but the style shown at A is growing in 
favor. The latter is curved throughout its entire length. At 
its middlf? point a, directly opposite the point of frog, the 
guard rail is spaced If in. from the gauge line of the turnout 
rail &c. From this point the guard rail diverges in both 
directions, giving at each end a flangew^ay of 4 in, This 
alio w^S 'the wheels full play, excepting at the point of frog, 
where the guard rail is exactly adjusted to the track gauge, 
and holds the wheels in true line, preventing them from 
climbing, or ’mounting, the frog. The style of guard rail shown 
at B, though still much used, has tw'o objectionable features; 
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viz., first, the abruptly curved ends d and e often receive an 
almost direct blow from the wheel flanges, which causes a 
car to lurch violently; and second, the flangeway of uniform 
width, though proper for the main track when straight, as in 
Fig. 9, is unsuited for sharp curves on either a main track or 
a turnout, as it compels the wheels to follow a <mrved line; 
whereas the normal position of the wheel base of each truf.k 
is that of a chord of, or a tangent to, the curve. Those r- o 
defects alone produce w^hat is known as a rough-ridhvj frog, 
even though the frog is well lined and ballasted. 

Location of Crotch Frog.— A crotch, or middle, frog is a frog 
placed at the point where the outer rails of both turnouts of 

a three-throw switch 
cross each other. 

\ \/W / When both turnouts 

same de--; 

\\ W crotch frog 

.{ comes midway be 

^ * tween the maindrack 

Fig. 10. rails. Its location 

and angle maybe determined as follows: Let the turnout 
curves A and B, Fig. 10, be each 9° 30h uniting with the main 
track (7 by a three-throw switch. Let a be the P. C. common 
to both curves, and 6, the location of crotch, or middle, frog. 

It is evident that the point of the crotch frog should be 
exactly midway between the gauge lines of the main-track 
rails, and if the gauge is 4 ft. in. = 4.71 ft., the point of 
4 71 ■ 

the crotch of the frog will he = 2.35 ft. from each rail. 

Now, the problem is to find the frog distance from a, the 
P. C., to the point c, where the tangent deflection f?ill equal 
2.35, or half the gauge. From the table on page 299, we find 
the tangent deflection of a 9° SO' curve is 8.28 ft. Applying 
the principle explained in connection with Fig. 5, and letting 
X represent the required frog distance, we have the folio wing 
proportion: 8.28 : 2.35 = 100^ : a^; 

whence, = 2,838.2 ft., ^ 

and the required frog distance x = 53.3 feet, nearly. 
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turnout curves, ef and g h. These curves are usually, though 
not necessarily, of the same degree. The curves terminate 
at the points of frog/ and h, between which the track /hiss, 
tangept* The essential point in laying out,a crossover is to 
so place the frogs that the connecting track shall be tangent 
t^ both curves. In Fig. 11, suppose the frogs are No. 9, 
requiring 7° 31' turnout curves. 

From the table on page 315, we find the required frog dis. 
tanee is 84.7 ft., and the switch length 25 ft* As previously 


Now, there are two curves starting at the common point a; 
the outer rails intersect at b, and the angle dbe, formed by 
tangents drawn at the point of intersection, is the angle of 
the crotch, or middle frog. The angle is equal to the sum of 
the angles'iii:/& and a/' 6; that is, equal to double the central 
angle of either curve between the P. C. and the point of 
intersection 6. The degree of the curve is 9^30' = 570', and 

570' 

the central angle or total deflection for each foot is — 

= 5.7'; and for the frog distance of 53.3 ft., the central angle 
is 53.3 X 5.7' = 303.S' = 5° 03.S'. The angle of the crotch frog 
is double this angle; i. e., 5° 03.8' X 2 = 10® 07.6'. The crotch 
frog should he accurately located and spiked in place before 
the lead rails are placed. 

^ The one objection to the three-throw switch is the open 
Joint at the head-block, the inevitable attendant of the stub 
switch, but its advantages are so great that it will continue to 
be used, especially in yard service. 

Crossover Tracks.— A crossover is a track by means of which 
a train passes from one track to another. The tracks united 
are usually parallel, as are the tracks of a double-track road. 
Such a crossover is shown in Fig. 11. The tracks a b and cd 
are 13 ft. apart from center to center, w'hich is the standard 
distance for double tracks. The crossover consists of two 


Fig. 11. 
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noted, if there is considerable range in choice of location, 
the frogs can be so placed as to largely avoid the cutting r* 
of rails; but usually crossovers are rec[Uired at certain precise 
places, and the rails must be cut as occasion demands. Hav- 
ing located the point of frog at /, we determine '*he point of 
the next frog at A, as follo ws: A No. 9 frog is one that spreads 
1 in. in width to every 9 in. in length; as th.e trael: 
between the frog points is straight, the distance fJt Iv: n '>;n '^ij 
these points will be as many times 9 in. as is Ik- s?iace k 
between the tracks at the frog point /. The inaiii-trutA i 
centers are 13 ft. apart, making the space between the gauge ; 
lines of the inside rails 8 ft. 3i- in. As it is the rail I of the i.' 

turnout that joins the second frog at h, we subtract the gauge, k 

4 ft. 8-tf in. from 8 ft. 3^* in,, leaving 3 ft. 7 in., the disLauce 
k, between the gauge line of the rail I, opposite the frog^ 
point /, and the gauge line of the nearest rail of the track 
c d. This distance multiplied by 9 in. will give the distance 
from the ii'og point f to the frog point h; 3 ft. 7 in. ™ 43 in.; 

43 X 9 “ 387 in. = 32 ft. 3 in. Accordingly, having located 
the point or frog /, we mark a corresponding point on the 
nearest rail of the opposite track. F rom tliis point we meas- 
ure along the rail the distance 32 ft. ;l in., locating the second 
frog point h, and again the frog distance S4.7 ft. to the P. C. 
of the second turnout curve at 

If frogs of different numbers, say 7 and 9, were to be used, 
the distance between the frogs is found as follows: 

As the No. 7 frog spreads 1 in. in 7 in., and the No. 9 frog 1 
in. in 9 in., the two will together spread 2 in. in 7 + 9 == 16 in., 
or 1 in. in 8 in. Now, if the rails to be united are 3 ft. 7‘ in., 
or 43 in., apart, as in the previous problem, the^s distance 
between the frog points will be 43 X S = 341 in. = 28 ft. 8 in. 

In locating crossover tracks, regard should be paid to the 
direction in which the bulk of the traffic moves, and the 
crossover tracks should be so placed that loaded cars "^dll be 
backed, not pushed, from one track to the other. . 

At all stations on double-track roads there should be^^ a 
crossover to facilitate the exchange of cars and the making 
up of trains. 
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TWO-HUNDRED-YEAR CALENDAR. 

By means of the table given on the following pages, the day 
of the week corresponding to any date between 1752 and 1956 
(new style), may be readily found. Before every leap year 
there is a?*blank space. To find the day of the week on 
which January 1 of any year fell, find that year in the table; 
glance down the column containing that year, and the day 
of the week at the foot of the column will be the day of the 
week required. Thus, to find on what day of the week 
January 1, 1895, fell, we find under 1895 in the table, Tuesday. 
For leap years, we look for day of week under the blank 
space before the year. Thus, January 1, 1896, fell on Wednes- 
day, Wednesday being in the column containing the blank 
space before 1896. To find the day of the week for any other 
1 dtLie, add (iiientrJly) to the day of the month the first number 
under the day of the week that is contained in the column 
containing- the year of the century; to this sum, add the 
number above the month at the top of the table. Find the 
number thus obtained in the columns of figures under 
the days of the week; the day of the week at the head of the 
column containing this number will be the day required. 
Thus, to find on what day of the week September 10, 1813, 
fell, we find 1813 in the table. The number under the day oi 
the week in the column containing 1813 is 6, and the number 
above September at the top of the table is 4. Hence, 
10 + 6 *f 4 = 20. The day of the week above 20 is Friday. 

For dates in January and February of leap years, take one 
day less, or add the number beneath the day of the Aveek 
under the blank space preceding the year. Thus, for Febru- 
ary 12, 7896, W’e have 12 + 4 + 2 — 18, and the day of the 
week above IS is W’ednesday. 

Thanksgiving Day is the last Thursday in l^ovembex; on 
what day of the month did it fall in 1897? Since the earliest 
day oil ^vhich it can fall is the 24th, we find on what day of 
the w-eek November 24 falls, and then count ahead to Thurs- 
d3iy. deferring to the table, 24 -H 6 + 2 — 32; the day of the 
week above 32 is Wednesday, and since Thursday is one day 
later, it follows that Thanksgiving Day in 1897 fell on the 25th. 
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Fbom September 14th (New Style), 1752 to 1956. 
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calendar. 


In England the new-style calendar was adopted in Septem- 
ber, 1752, by making September 3 legally September 14, in order 
to allow for the error in the Julian calendar, which went into 
use 45 B. C. According to the Julian calendar, every fourth 
year was made a leap year, with the result that the Jtilian 
year was a trifle longer than the true year, ns uicnu'urt'd b}' 
the time it takes the earth to make a eom]»ie1e circrdt or p's 
orbit. The new style, or Gregorian, cakuHiisr nllav, s i,ir tlas 
error by making every secular year fa seeiilnr y-er is one 
divisible by 100, as 300, 1400, 1900, etc.) a eoiumon year irale.^s 
it is divisible by 400, in which case it is a leap 3 'enr. Ileriea, 
the years 400, SOO, 1200, IGUO, and 2000 are leap years, while 
Che other secular years preceding 2000 are cenimon years, 
in 1752 the seasons had been advanced 11 days, and to correct 
this, 11 days were dropped by changing Scx>tember 3 to Septem- 
ber 14. The change was greatly opi>osod by the pco pie and lor 
many years afterwards, it was customary to use two dates; or 
when one date wuis used to annex the letters N. S. or 0. S. to 
the date in order to signify whether the date was new’ style or 
.old style. Thus, George Washington -was born on February 22, 
1732 (N. S.) or February 11, 17:^2 (0. S.). To Ihid what day of the 
iveek this Avas, proceed as follows: 1752 — 1732 = 20; 20 i 4 “ 5, 
the number of leap years between 1732 and 1752. Di vide the 
sum of 20 and 5 by 7 and count the remainder backwards 
from 1752; thus (20 -f 5) -t- 7 = 3 -i- 4 remainder, and counting 
backwards 4 columns from the right we stop at the column 
headed 1755. This operation indicates that if the table 
continued backwards to.l732, the year 1732 would occur in 
the column headed 1755. Since 1732 was a leap year, Ave use 
the preceding column, and 3 22 -p 2 = 27; hence, Febru- 
ary 22, 1732 (N. S.) Avas Friday. c 
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